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American Iron and Steel Institute Meeting 


More Than Fourteen Hundred Attend Eighteenth General Meet- 
ing—Valuable Technical Papers Read—Judge Gary a of 
Conditions Abroad and at Home. 


HE eighteenth general meeting of the American Iron 
and Steel Institute was held at the Hotel Com- 
modore, New York City, October 22. 


More than 1,000 persons attended the technical session 
and over 1,400 were present at the banquet held on Friday 
evening. The technical program contained some very 
interesting papers. The papers read were as follows: 

“Thrift in Coal.” George Otis Smith, Director, United States 
Geological Survey, Washington, D. C. 

“Recent Developments in the Iron and Stcel Industry of 
China,” C. P. Perin, New York. 

“Foreign Trade,” A. H. Holliday, Manager of Exports, Jones 
& Laughlin Steel Co.. Pittsburgh, Pa. 

“The Basic Open Hearth Process,” F. L. Foy, Superintendent 
Open Hearth Department, Homestead Works, Carnegie Steel 
Company, Munhall, Pa. 

“A Review of the Development of Copper Steel,” D. M. Buck. 
Metallurgical Engineer, American Sheet & Tin Plate Co., Pitts- 
burgh. Pa 

“The Use of Residual Manganese in Steel Making,” E. A. 
Wheaton, Superintendent Open Hearth Department, Bethlehem 
Steel Company, Bethlehem, Pa. 

“Heat Treatment of Automobile Steels,” R. R. Abbot, Peer- 
less Motor Car Company, Cleveland, O. 

“The Blast Furnace Hearth,’ Walter Mathesius, Superinten- 
dent Blast Furnaces, Illinois Steel Company, South Chicago, IIl. 

Several of the papers read will appear in this issue 
of THe Biast FuRNACE AND STEEL PLANT, while others 
will appear in later issues. 

Several very interesting discussions took place 
after the presentation of some of the papers. While 
these were limited to five minutes they were equally 
as well prepared as the original papers. 

‘Business prospects are unusually bright, both in the 
United States and abroad,” Elbert H. Gary, head of the 
United States Steel Corporation, declared in his address. 

“Although this is a time for courage, composure and 
caution,” Gary said, “the business skies are practically 
without clouds. As always there may be showers from 
time to time, but there is nothing in the atmosphere to 
imdicate the approach of dangerous storms. 

“Tf there should be a serious reaction and depression,” 
he continued, “which now seems improbable, it will be the 
fault of those who are connected with business operations 
or others who, by reason of official position, improperly 
imterfere, and not because of any fundamental deficiencies 
im our resources and opportunities. 


Healthful Sign. 


“In certain lines of the iron and steel industry there 
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have of late been some decreases in the volume of new 
business and also voluntary reductions in selling prices. 
I consider this decidedly healthful. All, or nearly all, of 
us have for months been unable to supply the demands of 
our customers as to quantities or deliveries, and our 
prices, considered as a whole, have resulted in profits. 
As a matter of course, some adjustments will need to be 
made. The average of the general sale ought to be re- 
duced equitably and relatively. 


“Without referring to individual cases or lines of 
general business, I believe in many instances prices have 
been outrageously high. This observation applies more 
especially to middlemen, so called, and to smaller depart- 
ments of industry. It also includes employes in certain 
trades; but it does not pertain under present conditions 
to the masses of workers. 


Lower Price Trend. 


“The present tendency is toward a lower, more reason- 
able and fairer relative basis. The difficulty is found in 
the fact that every individual is perfectly willing that all 
others shall make reductions—the larger, the better. Now 
a general public, particularly those who are neither buyers 
nor sellers to any large extent, will in one way or another 
bring about a fair and reasonable adjustment of prices. 
The law of supply and demand will be the principal factor. 


“The people of the United States have reason for con- 
fidence in the business future. They need not be discour- 
aged nor impatient.” 


Speedy recovery of industry in France and Belgium 
from the ravages of war was predicted by Gary. He 
described in some detail his recent trip over the battlefields 
of the two countries, where “the surface of the ground 
was churned into great masses of rough and irregular 
shapes,” expressing surprise that any appreciable progress 
toward rehabilitation had been made. 


Rehabilitation was made possible, Gary said, by the 
spirit of the French and Belgian people—‘“the good- 
natured, grim, persistent and splendid effort to succeed, 
to restore and to recover.” 


“T think France has one of the best administrations 
she has ever had.” Gary continued. “The president 1s 
strong, resourceful, honest and has the confidence of 
everyone. The cabinet is made up of good men. We shall 
see great progress econoniically, financially and commer- 
cially during the next few vears. 
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Developement of Large Furnace Hearths 


Successful Development of Large Hearth Blast Furnaces, an Exclu- 

sively American Accomplishment, Evoking Keenest Interest of 

Competitors Abroad, Is Very Completely Described in This Paper. 
By WALTER MATHESIUS 


chemical reactions our technical literature contains 
many able contributions, but little has been said 
for vears about the scientific factors pertaining to fur- 
nace design. Perhaps the statement was made occasion- 
ally that a blast furnace must afford the opportunity for 


O* THE theory of the blast furnace process and its 


Fig. 1—Showing improved furnace dimensions. 


a uniformly intimate contact between the iron bearing 
materials of the descending stock column and the fur- 
nace gases rising from the hearth. Just how this was to 
be accomplished, what specific features should be em- 


Abstract of paper presented before the American Tron and 
Steel Institute. 
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bodied in the furnace lines to attain this end, has so far 
been left almost entirely to the practical furnace man to 
find out. Thus, blast furnace design has to date been a 
rather exclusively empirical development. 


With a number of examples in successful operation. 
theory may now safely come to the front and demonstrate 
that its laws were violated in the past, or that the success- 
ful development is logical and correct, its accomplishment 
scientifically permissible. I shall attempt to show the 
development of larger furnace hearths to be a logical 
advancement of the art in its endeavor to design furnaces 
which will offer the least possible resistance to a rapid and 
uniformly regular descent of the stock, and which will 
permit the furnace gases to rise through this stock col- 
umn with equally regular and uniform velocity and dis- 
tribution. 


The size of the blast furnace hearth has been verv 
largely controlled by the considerations of providing suf- 
ficient storage capacity for the molten iron and slag. 
With greatly increased productive capacity and faster 
driving and steadily rising difficulties of raw materials, 
the effect of small hearth diameters in conjunction with 
the resultant flat or high boshes on the working and 
economy of our furnaces became more apparent. Yet 
tendencies toward radical departures from well estab- 
lished standards were most effectively offset by the 
decided aversion of furnace men to store more than the 
necessary quantities of molten materials in their furnaces. 


This conservative policy was strengthened through the 
quite popular assumption that gas distribution in the 
stack could be controlled by maintaining the proper “‘blast 
penetration” in the hearth, and that this was largely a 
question of selecting the proper length and size of tuyeres. 
Such belief and the failure to recognize the condition of 
raw materials in the furnace, dependent upon method of 
charging and furnace lines, as the principal factor govern- 
ing gas distribution, has only recently been dealt with bv 
J. A. Mohr, in his paper presented before this institute 
in May, 1919. 


There remained the theory that a bosh with sufficient 
hearing surface was needed to properly support the stock 
column and to prevent the premature descent of the 
charges into the tuyere zone, thus avoiding compression 
and clogging, due to the weight to be carried. This sup- 
position was definitely dispensed with by H. A. Brassert, 
in his paper read before this institute in May, 1914, 
where he termed the furnace bosh of that day the chief 
impediment to a free travel of the stock. Since then it 
has been the basic idea governing the development of the 
large hearth, to design, with its aid, a furnace bosh of 
such steepness and so short, as to avoid interference with 
the stock movement. 


Why the evolution of such designs was naturally and 
logically linked with the desire to use higher percentages 
of fine Mesaba ores, may be readily understood on the 
hasis of the following theoretical considerations: 


As long as the shrinkage of the stock volume taking 
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place during its descent from the top of the bosh to the 
tuyeres is such as to result in a contraction of the total 
bulk greater than the reduction of the furnace area pre- 
scribed by the bosh angle between the two points men- 
tioned, the furnace bosh does not impede the stock move- 
ment. 

Such shrinkage of the stock volume, may be due to 
one or two causes. The first of these, supposedly existent 
in every blast furnace operation, is the gradual consump- 
tion of the coke above the tuyeres. 

The second cause of shrinkage is the gradual melting 
of the ore and the formation of slag. It may be readily 
seen that this shrinkage can take place to an appreciable 
extent only in furnaces where all or a large part of the 
burden consists of lumpy material, which does not disinte- 
grate in the furnace stack. 


If all or a large part of the burden consists of fine 
materials, the voids existing in the coke charge will offer 
sufficient volume to receive it, so that, as the stock 
column descends, the space occupied by ore and coke is 
practically no greater than that of the coke charge. Con- 
sequently, the melting of the ore in the bosh cannot bring 
about any shrinkage of the stock column. Modern 
Mesaba practice with high blast heats and low fuel rates. 
will be seen, from this purely mechanical point of view. 
to present all of the above mentioned conditions which 
tend to minimize the shrinkage of the stock in the bosh 
and to retard its beginning. Thus, evidently Mesaba 
practice, more than other operations, was in need of lower 
aml steeper boshes and practical experience has shown 
that their adoption has in every case resulted in improved 
quality of product, increased tonnage, lower fuel con- 
sumption, and better use of hot blast temperatures, as 
stated and proved by Mr. James G. West, in his paper 
read before this institute in May, 1918. | 


— One of the incidental yet not negligible advantages of 
the larger hearth is its greater accessibility. With 
increased diameter, greater peripheral distances result for 
arranging feed and discharge pipes for cooling water, 
more working space is available around the tuyeres, blow 
stocks, arm the columns as well as between the iron and 
cinder runners near the furnace, so that the cast house 
work and also the mechanical maintenance becomes easier 
and simpler. 


In order to illustrate the extent to which hearth dimen- 
sions have grown in recent year, I might mention that the 
average hearth diameter of all 22 ft. bosh furnaces at the 
South Chicago plant of the Illinois Steel Company was 
increased from 16’ 6” in 1911 to 18’ 6” in 1919, and that 
the best average monthly production of these same fur- 
maces equaled 512 tons per furnace day in December, 
1911, as against 556 tons in May, 1920. For this increased 
output the adoption of larger hearths is primarily respon- 
sible, no enlargement of the furnaces or important 
changes of lines above the bosh having been made. Dur- 
ing the same time our fuel conditions have developed no 
permanent improvement but have rather experienced a 
decided change for the worse. The fuel consumption per 
ton of iron for the two periods cited above were 2053 
pounds in December, 1911 and 2037 pounds in May, 1920. 


So far this discussion has dealt with changes of 


hearth and bosh dimensions which did not contemplate or 
entail any changes in the upper, that is the stack part of 
the furnace. Later however, larger hearths have also 
enabled modifications of the stack lines, which were not 
practicable before, although their desirability had been 
felt for some time. Particularly for operations where 
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soft, easily reduced ores are used which are known to 
have a tendency to swell under the influence of the reduc- 
ing furnace gases, the suggestion had been made that the 
uniform descent of the stock might be facilitated by 
increasing the batter of the stack lining, thereby reducing 
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Fig. 2—Showing position of circular beam of concrete. 


any “jamming” tendencies as well as friction. One wav 
to obtain this would seem to require merely a decrease in 
the diameter of the stock line. This did not appear to 
be permissible on modern fast driven furnaces, using a 
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large percentage of fine ores, since the gas velocity at the 
stock line was known to be so high as to keep the surface 
of the charge in more or less constant agitation. Thus. 
the limit would be closely approached beyond which dust 
losses woukld rapidly grow to excessive proportions. The 
diameter of the bosh, on the other hand, appeared to be 
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objections with substantial arguments. 


One of the most frequently heard assertions is, that 
the large hearth furnaces must necessarily suffer from 
lack of penetration, and that this ailment can be alle- 
viated only by either considerably overblowing or by 
reducing the tuyere size to such small dimensions as to 


~e oe 


‘ 
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Fig. 3—Common design, abandoned by the author. 


definitely controlled by the limits of hearth dimensions 
and bosh angles. The only remaining means of obtaining 
at least a slight increase in the stack batter was to carry 
the straight stock line section down lower into the furnacc. 


Hearth diameters of 20 feet.and larger are in satisfac- 
tory operation and the opportunity is here to increase the 
bosh diameter over the 22 ft. standard without sacrificing 
anything in suitability of bosh angle or height. The 
result to be expected from such designs, should be a 
freer working of the furnace and a lower blast pressure. 
Practical results appear to verify this analysis, since No. 
6 blast furnace at the South Works of the Illinois Steel 
Company, which was designed along such lines of reason- 
ing, and has now been in operation for about two years, 
has consistently worked with a more regular and uni- 
formly lower blast pressure than the other furnaces at 
this. plant under comparative conditions. The principal 
dimensions of this furnace are given in Fig. 1. 

Although the number of large furnace hearths in- 
stalled has increased during recent years, some furnace 
nen maintain a skeptical attitude and occasionally voice 
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create a pronounced “jetting” action. 


Calculations based on authoritative tests concerning the 
flow of air through orifices show that under average con- 
ditions of Mesaba practice, this pressure drop 1s less than 
10 per cent of the total blast pressure which has been 
verified by taking pressure readings on operating fur- 
naces. Since it is also a scientific fact that the energy 
of the air-flow through an orifice varies directly as the 
difference in pressure before and after the orifice, it will 
be readily seen that a doubling of the penetrating ability 
would require only a small increase in total blast pressure. 
However, practice on our largest hearth furnace in South 
Chicago has conclusively demonstrated that no such addi- 
tional penetrating energy is required. Based on an equal 
volume of wind blown, it was found best to use a slightly 
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| Fig. 4—Showing type at present being installed. 


larger tuyere area than on other furnaces with smaller 
hearths. The only possible explanation for this seems to 
be that the materials are not packed as tightly in the 
large hearth and actually offer less resistance to the blast. 


Another point which has been raised as indicating the 
fallacy of the large hearth design, is the fact that on 
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many large hearth furnaces the tuyeres, extending from 
9 to 12 inches into the furnace proper, are longer than 
those in use at other plants. The assertion has even been 
made that the “jetting” action together with the long 
tuyeres, produces “phantom” boshes, the actual working 
lines of the furnace having a much flatter bosh angle and 
smaller hearth than those provided in the design. 


We are able to use longer tuyeres on furnaces with 
hearth diameters ranging from 17’ 8” to 20’ 9”, on account 
of our steep and low boshes. Without these, shorter 
tuyeres would have to be used in an attempt to keep the 
bosh clean and prevent the formation of accumulations, 
the periodical building up and sliding off of which was 
formerly a source of continuous trouble at many plants. 
How the use of such short tuyeres in numerous instances 
resulted in “working too close to the bosh” cutting out 
the brickwork between the bosh cooling plates and leav- 
ing the latter sticking out into the furnace, is no doubt 
well known to many furnace men. A bosh in this condi- 
tion becomes harder to keep clean. Troubles resulting 
therefrom have been charged to overcooling of the bosh. 


While I fully believe that overcooling is disadvan- 
tageous, I do not think that a decrease in the number of 


Fig. 5—Bosh plate design being abandoned. 


bosh plates used and a corresponding increase in the size 
of the unprotected areas between such plates is the proper 
remedy. We are using a closer spacing of bosh plates 
than is customary at many plants. With this construc- 
tion we have eliminated to a large extent the shelf for- 
mation due to erosion, as well as the evils of overcooling. 
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by not “working too close to the bosh.” This, we believe 
to have accomplished by the use of longer tuyeres. We 
have had the opportunity of late to inspect, during the 
repairing of several of our furnaces the bosh linings 
after successful campaigns and blowing out on account of 
business conditions. It was clearly apparent that all the 


Fig. 6—Bosh plate design supplanting that of Fig. 5. 


cooling plates had been completely coated during the 
operation of the furnace; erosion was practically absent, 
so that the interior of the bosh presented a uniformly 
smooth surface which could offer little or no resistance 
to the travel of the stock. The same inspections have in 
my opinion also furnished ample proof that the “phantom 
boshes” and “automatically reduced hearth dimensions” 
which have. been theorized abaut, do not exist in our fur- 
naces. 


It has further been asserted that with an increase in 
hearth diameter it would be necessary to add to the num- 
ber of tuyeres in order to avoid too great a distance be- 
tween them. In reply to this I can only state that on four 
of our furnaces at South Chicago, where the distance 
between the centers of adjoining tuyeres, measured on 
the periphery of the hearth was 4’ 73%”, 4' 1134’, 
5’ 105%”. Inspection after blowing out did not show any 
such formations. On our No. 6 furnace, where with 
20’ 9” hearth diameter and 10 tuyeres the distance be- 
tween tuveres amount to 6’ 614”. 


Another statement which has been made in literature 
is that large hearths are not capable of maximum heat 
concentration and that for this reason a poor quality of 
fuel would here be more likely to give serious trouble 
through building up in the bottom than would be the case 
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with smaller hearth dimensions. For the same reason 
large hearths were said to be not as well suited for the 
manufacture of foundry tron and other high silicon 
grades. So far I have not been able to find a satisfactory 
explanation or theory as to how a small hearth favors 
maximum heat concentration, and am unable to discuss 
this question. 

As to the ability to operate under adverse conditions 
of raw materials, little can be added to the statements 
made in Mr. West’s paper and the discussions presented 
therewith before this institute in May, 1918, except to 
say that furnace operations since have only furnished 
additional proof of the assertions made on that occasion. 
The same is true regarding the question of manufactur- 
ing foundry iron, which at that time was fully covered by 
G. L. Collord. 


In summing up these arguments I do not intend to 
deny that conditions may exist where 1n normal operation 
furnaces with high or flat boshes and small hearth dimen- 
sions work entirely satisfactory and compare well in 
results with those accomplished in Mesaba practice by 
furnaces with larger hearths. The fact remains that in 
a great number of instances, and under different condi- 
tions of raw materials, practice and products, the larger 
hearth has been the means of obtaining improvements in 
output and economy, which were not realized before. 

It should be emphasized that the enlargement has not 
imposed additional or increased stresses and duties, while 
in some respects the demands upon the strength and wear- 


ing qualities of the construction have actually lessened. ° 


The volume for storing the molten iron and slag being 
larger, the maximum height to which these latter will 
rise above the low level prevailing at the end of the cast, 
must for a given production necessarily be lower. Thus, 
less pressure is exerted per square foot of bottom and 
hearth walls, and there is less danger of metal reaching 
the level of the cinder notch or of slag interfering with 
the combustion of coke at the tuyere level. 


These dimensions must necessarily be kept below a 
well defined maximum, otherwise the metal bath being 
removed too far from the zone of highest temperature, 
becomes the cause of producing physically cold iron. 
which is the source of many evils and worries in steel 
works as well as blast furnace practice. 


Having made provisions for storing larger quanti- 
ties of molten metal in the furnace and having re- 
duced the number of casts per day accordingly, it be- 
comes naturally of utmost importance to leave noth- 
ing undone towards minimizing the danger of iron 
breakouts. To obviate this most hated of all furnace 
troubles requires uninterrupted, effective watercool- 
ing and ample mechanical strength. The latter should 
preferably be provided in such a way that a possible 
failure of the former at any one point with resultant 
local heating and perhaps an incipient breakout, will 
not at the same time redttce the strength of the me- 
chanical bend. Jt is apparent that this might readily 
be the case where cast iron watercooled staves are 
piaced immediately inside of a steel hearth jacket, or 
where watercooled hearth jacket sections are encir- 
cled by bands placed directly on the jacket itself. To 
eliminate this risk we have developed a design which 
has been in use for several years which consists main- 
ly of a substantial circular bean of reinforced concrete 
placed at some distance from the watercooled cast 
iron hearth jacket. as shown in Fig. 2. The space 
between this concrete reinforcement and the hearth 
jacket 1s bricked up with fire brick, so that any radial 
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pressure exerted on the hearth jacket, or expansion 
stresses of the latter, are directly transmitted to the 
concrete girdle. Provision is made by allowing clear- 
ance on the furnace side of each column, that no side 
thrust can be transmitted to them. 


In order to reduce the chances of interruption in 
the watercooling of the hearth jacket segments, we 
have abandoned the design as shown in Fig. 3, be- 
cause it was found impossible at times to remove ob- 
structions carried in with the water, from the many 
bends and angles of the cast-in cooling pipes. In its 
place we are now installing the construction illus- 
trated in Fig. 4. It will be seen that only simple hair- 
pin loops of pipe are used in this design, so that in 
case of stoppage each pipe is accessible its entire 
length from the outside. Also, should it be found 
impossible to remove an obstruction from one of the 
loops, it is no longer necessary to discontinue coal- 
ing the entire section. 

Following similar lines of reopening we are re- 
placing the bosh plate design as shown in Fig. 5, by 
that illustrated in Fig. 6. As may be seen, this type 
of plate is readily accessible for cleaning out, by tak- 
ing out the pipe plugs provided for this purpose. Ac- 
cumulations of solid matter may be readily removed 
during operation. Furthermore, these plates have 
the advantage of a positively controlled flow of water 
and no core holes are required in the baffle plates. 


The baffling of the plate in the new design is ar 
ranged parallel. instead of at right angles to the line 
of withdrawal from the brickwork. Furnace oper- 
ators who, on account of adverse water conditions en- 
counter the necessity of frequent bosh plate changes. 
will appreciate this feature. as it effectively supports 
the arched surface and prevents identations. 


The results obtained so far justify the belief that 
permanent progress has been achieved to the lasting 
benefit of the American [ron and Steel Industry. 


L. C. Crewe was recently elected president and general 
manager of the Woodstock Operating Corporation, Anniston, 
Ala., at a recent meeting of the directors. He formerly held the 
position of vice president and general manager of the same cor- 
poration. Mr. Crewe is also president and general manager of 
the La Follette Coal & Iron Co., LaFollette, Tenn. . S..S. Pratt. 
treasurer and assistant general manager La Follette Coal & Iron 
Company, is also treasurer of the Woodstock Operating Cor- 
poration. C. S. Martin, Gary, Ind., has been appointed general 
superintendent. 
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Review of the Development of Copper Steel’ 


Discussing the Results of Various Researches Since 1900 and 
Advising the Adoption of Copper Bearing Steel in Other Sections 
Than Sheets—Bibliography of Recent Literature. 

By D. M. BUCK 


HE annual economic wastage due to the corro- 

sion or rusting away of various finished products 

made from steel and iron, if it could be ex- 
pressed in monetary value, would no doubt be appal- 
ling. One prominent investigator has roughly esti- 
mated that the annual charge due to corrosion is be- 
tween 60 and 90 million dollars, based upon normal 
values of semi-finished products. and this figure 
takes into account only the actual value of the iron 
and steel itself without reference to other closely re- 
lated losses. Although this aim has not yet been 
obtained, tremendous strides forward have been made 
in the past fifteen vears. The problem has been at- 
tacked from several different angles, but I believe 
the results of careful investigation justify the ‘state- 
ment that, in the light of our present knowledge, con- 
sidering the average materials of construction, the 
best results are obtained by alloying with normal 
open hearth or bessemer steel, from 0.15 to 0.30 per 
cent of pure copper. The commercial application ot 
this discovery was first announced by the Company 
which the author represents in 1911, and during that 
vear it was placed on the market in short form. 


Tt is the intention of this paper to present in a 
brief form the more important evidence which proves 
the remarkable influence of copper additions to steel 
and iron, in checking the attack of atmospheric 
moisture and oxygen, and to heartily urge the more 
general adoption of copper steel in other sections 
than sheet metal. to which uses it has largely been 
confined up to the present time. 


Although there are numerous references in [it- 
erature, beginning with the year 1627, to the effect 


of copper on the phvsical properties of steel and iron. 


nothing definite is found pertaining to its control of 
corrosion previous to the present century. 


Various papers since that time cite the results of 
tests made, from which the following conclusions are 
drawn: 

1. Copper in soft Bessemer steel lessened corrosion. 

2, Copper steel resists the action of sulphuric acid. 

3. Bessemer and open hearth copper steel (.15 to .20% 
show decided superiority against corrosion under actual serv- 
ice conditions. 

4. Corrosion of electrolytic iron is reduced by alloying 
with various amounts of copper, nickel and manganese. 

5. Durability of old steel fence wire is due to the pres- 
ence of copper. 

6. Steel with as little as 0.03% corrodes only 60 to 70% 
as fast as steel containing 0.01% copner. 0.15% ‘Cu is 
recommended as a minimum content from the corrosion 
standpoint and it is nor necessary to greatly exceed this 
ficure. 

7. Life of unprotected sheet metal having a copper con- 
tent of from 0.15 to 0.25% is increased from 300 to 500 per 
cent while the increase in the cost over that of ordinary 
steel is not more than $2 to $3 per ton. 


While it is undoubtedly true that the greater por- 


*Paper presented at the American Tron and Steel Insti- 
tute. October 22, 1920. 


tion of steel and iron products exposed to corrosive 


_ conditions is, at least initially, covered by some pro- 


tective coating, it is equally a fact that these pro- 
tective coatings are unfortunately only transitory 
protection, and wherever unprotected metal is ex- 
posed, or after the paint or metallic protection film 
has worn away or become damaged. thus exposing 
the bare iron or steel, such additional life as can cer- 
tainly be obtained by the simple alloying with cop- 
per becomes of paramount importance and of almost 
incalculate value. 


It may not be out of place to state that in addition 
tu the added resistance of copper steel to corrosion, 
the author has noticed in his investigations, indica- 
tions which point to a better adherence of paint coat- 
ings on copper steel, thus resulting in a more perfect 
and longer continued protection hy the paint film. 


The benefits to be obtained by adding copper to 
normal steel, to be fabricated into materials of con- 
struction, cannot be successfully contradicted. The 
melting point of copper is approximately 700 degrees 
F. lower than the average tapping temperature, it 
diffuses readily. and once difftised does not segregate. 


The manufacture of copper steel has heretofore 
been largely confined to sheet metal. and the product 
has been tremendously improved. The usefulness 
of this discovery may readily be broadened by the 
use of copper in other steel and iron sections, and 
their life thereby greatly increased. To mention a 
single example. steel freight cars, especially those of 
the open type, suffer greatly from corrosion. If the 
life of the thousands of such cars that have passed out 
of the field of usefulness during the past few vears 
could have heen increased only 20 to 25 per cent. the 
result would have gone far toward relieving the 
severe car shortage which has recently existed. Such 
a result would probablv have been obtained had copper 
steel been used in their manufacture. We have here. 
a comparatively inexpensive method of improving all 
of our products that are called upon to resist the at- 
tack of air and moisture, thus greatly increasing their 
neriod of service and at the same time effecting an 
immeasurably important step in the conservation of 
our natural resources. The author’s wish in present- 
ing this paper is to respectfully urge vour earnest 
consideration of these suggestions. 
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Our Possibilities in Foreign Trade 


Competition That Is to Be Encountered—The Part a Strong Mer- 
chane Marine Plays in Foreign Trade—Due to Over Production 
America Must Find Foreign Markets. 

By A. H. HOLLIDAY. 


F the United States is to manufacture at her maximum 


capacity of production, and that maximum be greater . 


than she can consume internally at all times, it fol- 
lows that she must have other fields in which to market 
her goods. 


With the war came larger production, the result of 
increased manufacturing efficiency and enlarged invest- 
ment. Our yearly average production for the five war 
years exceeded the average production for the five pre- 
war years to the extent of 10,336,513 gross tons. Produc- 
tion during 1918 exceeded the 1913 figures by 13,161,558 
gross tons. 


1. Present normal demand. 
2. Replacement of world’s loss of production during war 


3. The inevitable increase due to rehabilitation. 
4. Natural expansion of demand. 


. The development of countries hitherto virtually unde- 
veloped, but now awakened or awakening to full national con- 
sciousness. 


1. The present normal demand we can readily gauge 
by figures in evidence before the war. 

2. The world’s loss of production to peaceful arts is 
difficult of determination, but with the figures of world 
production now quite fully obtainable for the war years 
we have evolved the following theory of analysis and com- 
putation of the loss based on steel ingot and casting pro- 
duction: 

For the United States, the United Kingdom, France, 
Germany, and Russia, the diversion of production from 
peaceful arts to war purposes. 

For Belgium, non-production. 

The application is as follows: 


Steel Production of the World and Estimated Loss to Peace- 
ful Arts during World War Period, 1914-1918. 


Loss to 


Prduction* Peaceful Arts Loss 

Countries (Gross Tons) (per cent) (Gross Tons) 
United States ....... 187,960,785 50 93,980,393 
United Kingdom .... 44,977,092 66 2/3 29,984,728 
Germany ........... 74,655,839 100 74,655,839 
Belgium ............ 1,585,207 Total at pre- 

war rate of 

. production 10,582,255 
France 2.6 6s60ice% oh: 9,581,775 100 9,581,775 
RUSS1a: shaw 17,744,196 66 2/3 11,829,464 

TOtal esd edicts 336,504,894 230,614,454 
All other ........... 31,187,924 66 2/3 20,791,948 

Grand total ....... 367,692,818 


*Steel ingots and castings. 


The production of the world, as above outlined, 
amounted during the war years to 367,692,818 gross tons. 
Allowance for unavoidable inaccuracies of various kinds 
must be made in reaching conclusions. We must also 


Abstract of paper read before American Iron and Steel Insti- 
tute, October 22, 1920. 
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make allowance for the reclamation of steel diverted to 
war purposes. 


However, by disregarding the odd 51,000,000 gross 
tons of the total estimated world’s loss of production 
above obtained, we arrive at what we believe to be a safe 
minimum of 200,000,000 gross tons lost to peaceful arts. 
All or most of this tonnage is likely to be required by the 
world, in addition to the demand that otherwise would 
exist. This tonnage will exercise a strong supporting 
influence on the world’s markets for many years to follow. 


3. Rehabilitation has probably been much overesti- 
mated and will likely prove to be of interest on a rapidly 
diminishing scale to the steel manufacturers of the United 
States, as war’s destruction will be supplied largely by the 
several countries affected or by their European neighbors. 
Nevertheless, in terms of world supply and demand this 
condition will have an influence beneficial to the industry 
as a whole. 


4. Natural expansion can be gauged measurably by 
the upward curves of world production and consumption 
in the years preceding the war. 


5. The further development of countries hitherto but 
little developed or now in condition of political, social, and 
economic chaos, coupled with the expansion of those 
countries in which substantial progress has already been 
made, is a subject which staggers the imagination, but 
which in its very nature is indeterminate at present. By 
way of illustration, the per capita consumption of China 
and Japan for 1918, based on the conservative estimate 
of 383,000,000 combined population, was 6.5 pounds of 
finished steel as compared with the United States per 
capita of 517 pounds for 1913 based on 98,000,000 popu- 
lation. Gauged by population, natural resources, increas- 
ing national consciousness, with expanding economic 
development, the human desire for comforts and luxuries, 
we may fairly conclude that the world’s every effort 
toward increased steel production will be assimilated 
quickly with an insistent demand for still further ton- 
nages. 


Competition. 


Obviously, for our purposes, the nations of the world 
divide into two classes: Manufacturing and non-manu- 
facturing. The United States, Canada, the United King- 
dom, Germany, France, and Belgium, with Russia in the 
background, embrace the former, while, broadly speak- 
ing, the remainder of the world embraces the latter. 


One most important economic principle is, that .pro- 
ductivity, by enabling the interchange of commodities 
with others, is a sound basis for human prosperity and 
happiness. Hence, in addition to our own efforts in this 
direction we should encourage foreign lands to produce 
in exchange for our own products those commodities 
which we can ourselves use or dispose of to others and 
we should supply the machinery, financial and otherwise, 
for this interchange. This has an acute present applica- 
tion in view of the general dislocation of finance through- 
out the world. 7 
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We have been slow to take advantage of the oppor- 
tunities forced upon us by the war. We have not yet sur- 
rounded ourselves with the atmosphere of foreign trade. 
In consequence we suffer by comparison with those other 
manufacturing nations to whom foreign trade is their life 
blood and whose every activity is directed to that end. 


Substantial Accomplishments. 


Our government suffers by comparison with other 
governments, because its course has been one of ill- 
advised interference with the natural enlargement of busi- 
ness interests as opposed to the splendid, constructive 
helpfulness of other governments toward their citizens 
and subjects. 


The Webb-Pomerene Act provides for associations 
for foreign trade. The restricted powers originally 
granted the Federal Reserve Bank have been amplified 
by the Edge Bill, permitting long extended credit periods. 
The Merchant Marine Act, 1920, aims to give point and 
direction to our marine activities. All of these are con- 
structive in intent and, while faulty and inadequate in 
some respects, nevertheless give promise of better things. 


Merchant Marine. 

One of the conditions precedent to successful foreign 
trade activities is that we export and import largely in 
our own bottoms. The events of the war sharply empha- 
sized this fact. A recent summarizing of the returns of 
the Bureau of Navigation as quoted by the “Journal of 
Commerce” (New York, September 16), is in part as fol- 
lows: 

“At the end of the fiscal year, June 30, 1920, the total 
American registered, enrolled, and licensed shipping con- 
sisted of 28,182 vessels of 16,324,013 gross tons, com- 
pared with 27,513 vessels of 12,907,300 gross tons on 
June 30, 1919.” 

This is an increase of 669 vessels of 3,416,712 gross 
tons. 

The “Journal of Commerce” then comments editor- 
ially in part, thus: 

“This statement contained in a Washington dispatch 
summarizing the returns of the Bureau of Navigation 
shows that the much desired merchant marine of the 
United States is a reality so far as the actual tonnage of 
the fleet is concerned. We have a large volume of regis- 
tered tonnage, and so far as carrying capacity 1s con- 
cerned there is no reason why we should feel any doubt 
of our future.” 


And it further proceeds to assert that there is nothing 
to fear regarding shipbuilding and operating costs, lack 
of men or cargoes, if properly supported by government, 
we whole-heartedly devote our energies to the task. 


Ships are necessary to carry cargoes. Men are neces- 
sary to operate ships. Cargoes are necessary to supply 
ships and men with opportunity. Any one of this cycle 
of supply and demand is necessary to the welfare of the 
others. Prior to the war virtually we had neither ships, 
men, nor cargoes. Now we have substantial nuclei of 


all three. 


Departmental Aid. 

The Bureau of Foreign and Domestic Commerce is 
to be commended for its manifold activities in support of 
foreign trade. Unfortunately, too little is known by the 
business public regarding this important agency and the 
help that it can render by its ingathering and outgiving 
of information valuable to manufacturers, importers and 
exporters generally. The bureau is a necessary adjunct 
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to manufacturing and commerce; hence its efficiency will 
undoubtedly increase to meet the demands made upon it. 


Banking. 

It is fully recognized that American banks abroad are 
of the bone and sinew of our foreign trade. To cope with 
the highly organized and ever extending foreign banking 
systems of European countries, we must have American 
banks of highest efficiency, with adequate resources, in 
foreign countries, especially those of the non-manu factur- 
ing class. 

The following American banking houses have estab- 
lished branch banks abroad: The National City Bank, 
with its affiliate the International Banking Corporation, 
80; the Guaranty Trust Company with its affiliates, the 
Mercantile Bank of the Americas and the Asia Banking 
Corporation, 47; the American Foreign Banking Corpora- 
tion, 18; the First National Bank of Boston, Equitable 
Trust Company, Farmers Loan and Trust Company, and 
Park Union Foreign Banking Corporation also are repre- 
sented in the foreign field by branch banks. The whole 
number thus established is 153. 

In addition American banks are represented in every 
quarter of the globe by means of direct connections with 
banking institutions of the respective countries, whici 
are of the highest standing, and, therefore, have at their 
command the full resources and assistance of these long 
established and influential banks. 


Education. 


Prompted and supported by such agencies as the 
National Foreign Trade Council; the United States Cham- 
ber of Commerce; our Government, as evidenced in part 
by the Conference in Training for Foreign Service called 
by the Commissioner of Education and held in Washing- 
ton December 31, 1913, and Dr. McElwee’s book, ‘“‘Train- 
ing for Foreign Trade,” (Department of Commerce, 
1919), schools and colleges, banking houses, manufactur- 
ing, commercial and other institutions have come to the 
front with required educational facilities. Before we 
realize it we shall have a rapidly increasing body of men 
and women speaking various useful languages, familiar 
with commercial geography, educated in world commerce 
procedure, ready for foreign trade service either at home 
or abroad. 

There is only required care that such education be not 
merely academic but practical, so that results may follow 
quickly and the employe, undiscouraged, spurred on to 
greater efficiency. 


Conclusions. 


One of the finest guarantees of the foreign trade 
principle, its validity and its continuity, is the note of high 
altruism which during recent years has been sounded in 
public and private utterances. It is no longer export 
trade but foreign trade. We have ceased to hear that 
“there is no sentiment in business.” Instead, constructive 
helpfulness 1s emphasized. We are imbued with the 
world spirit. 


“Where there is no vision the people perish.” As well 
religion without belief in the supernatural, as foreign 
trade without optimism. The issue is very real and will 
require courage for its successful accomplishment. We 
have moved but a small part of the way, but we have the 
natural resources, the wealth, the mills, the executives and 
the workers, with their combined inventive genius, the 
railroads, the ships and those to man them. If we do not 
seize the opportunity, others will. 


a 


36 The Blast bumace™ Steel Plant 


November, 1920 


Use of High Manganese Iron in Basic 
Open Hearth Practice 


Problem of Avoiding Future Increases in Fuel Sulphurs by the 

Utilization of High Manganese in the Initial Open Hearth Charge, 

Which Means Reduction in Tonnage and Increased Costs. 
By E. A. WHEATON. 


TEEL producers have been and are face to face 
with a problem steadily increasing in difficulty ; 
the growing scarcity of low sulphur fuels. 


Many steel users attribute most of the failures ex- 
perienced in service to sulphur in steel. and that many 
manufacturers believe that the sulphur limits current 
in various specifications for steel, represent limits 
which cannot be exceeded without a distinct loss of 
tonnage in forged and rolled products due to the “red 
shortness” classically attributed to sulphur content. 
This loss is a concern of both the consumer and pro- 
ducer. 


An important consideration, is the problem of 
avoiding future increases in fuel sulphurs. 

The problem has received much attention both im 
the endeavor to produce low sulphur pig irons with- 
out undue increase of cost and undue loss of quantity 
production; and in the endeavor to produce low sul- 
phur steels from high sulphur pig irons without loss 
of quality or tonnage. 


The objectors to the utilization of high manganesc 
in the initial open hearth charge have substantiated 
their position on account of increased costs and thc 
alleged reduction of open hearth tonnage; or relied 
upon the selection of high grade raw materials and 
satisfactory low sulphur fuel, to facilitate the pro- 
duction of the relatively small tonnages of high qual- 
ity products. The necessity of paying attention to 
the manganese consideration, or some other desul- 
phurization method; will be forced by the increasing 
difficulty of locating sufficient quantities of high 
grade materials and fuels and their increasing cost 


While the amount of sulphur contained in steel 
has been the subject of extended investigations and 
while many difterent sulphur contents of steel, it is 
a generally accepted fact by the industry that within 
reasonable limits the main effect of sulphur is tu 
react against the opcration of the rolling mull or of 
the finishing department rather than to affect the ser- 
viceability of the steel] once it has passed a reason- 
able inspection. This penalty, steel manufacturers 
have been prone to accept as unavoidable rather than 
to exhaust other resources such as the utilization of 
manganese in the initial open hearth charge for the 
elimination of their manufacturing difficulties. 


In the face of increased difficulties in obtaining 
high grade raw materials and in the effort to produce 
the highest quality of products requiring special in- 
spection and for the special service, and_ believing 
that certainly some of the difficulties might be over- 
come by the use of a high manganese pig iron, the 
Bethlehem Plant of the Bethlehem Steel Companv 
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undertook to operate the No. 3 Open Hearth tor a 
considerable period of time in the manufacture ot 
steels where the inspection and service was particu 
larly severe and where the affect of any improvement 
of quahty would be most readily demonstrated. The 
data presented herewith extends over several months’ 
experience but particularly refers to the month oi 
August 1920, as our records are kept in monthly 
periods and as the experiment is complete in itself 
in that period, inasmuch as nothing but high manga- 
nese pig iron was used at that time. 


From the data presented herewith the writer has 
drawn the following conclusions: 


‘First—That high manganese iron is a help rather 
than a hinderance in blast furnace practice. 


Second—That high manganese iron improves the 
quality of open hearth steel without reduction of ton- 
nage or practice or other injurious effects. 


Third—That to meet the demands for the better 
grades of steels. alloy, etc., it is of very great assist- 
ance. 


Fourth—That, due to better surface conditions, 
steel made from it shows increased vields with ordi- 
nary rolling mill practice. 


Blast Furnace Operation. 


With high sulphur coke and inferior raw materials, 
a blast furnace must resort to a very limey slag or 
increased slag volume in order to insure low sulphur 
steel-making iron. Either means low tonnage in 
blast furnace and high coke ratio. If the manganese 
in the hot metal is kept around 2 per cent, it is pos- 
sible for the blast furnace man to run his iron higher 
in sulphur with leaner slags, increased tonnage, and 
reduced fuel ratio; and at the same time deliver to 
the open hearth, iron as low in sulphur as could be 
obtained with low manganese iron cast much lower in 
sulphur. This is borne out by the following hgures 
of 136 tests run ‘on high manganese irons between 
blast furnaces and Open Hearth No. 3 at Bethlehem. 
to determine the desulphurization which occurred in 
the pig iron transfer ladle. 


The methods used were as follows: C blast fur. 
nace was run on high manganese iron with lean slugs 
and of course high sulphur. A sample of this metal 
was taken from each ladle at the blast furnace and 
from the same ladle at the open hearth mixer. The 
average time between sampling at the blast furnace 
and the mixer was 80 minutes which is about the 
avreage time consumed in normal operation. 136 
ladles of iron were thus tested. The ladles contained 
varied percentages of manganese and sulphur which 
I have divided into three groups according to manga- 
nese content as follows :— 
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Per cent 
First group, iron trom......... 1.00 to 1.50 manganese 
Second group, iron from....... 1.50 to 2.00 manganese 


_ Third group, iron from........ 2.00 and above 


Averages of the Results Are Given Below. 
‘ Per Cent Per Cent 
Sulphur at Per Cent Sulphur 
Group No.of Tests Blast Furnace Manganese at Mixer 


] 21 0.0867 1.39 0.041 
Z 89 0.07 1.72 0.035 
3 26 0.073 2.13 0.031 


From the above it would seem, at first) glance. 
that an average of 1.39 per cent manganese as as et- 
fective as higher manganese for desulphurization in 
the ladle. It will be noted that the pig iron sulphurs 
in the entire twenty-one heats of the first group, were 
relatively high, thus affording better opportunity for 
reduction of sulphur than was afforded in a number 
of casts in the second and third groups. 

We found that with iron running less than 1.80 
per cent manganese, it was necessary to hold longer 
in the ladle than with manganese over 1.80 per cent. 

The silicon on this iron averaged 1.15 per cent. | 
believe that this should be below 1 per cent since | 
have assumed that with normal temperatures the 
elimination of sulphur from pig iron in the ladle takes 
place under following reaction :— 

Slag formed on ladles is properly MnOsiO2 
(Manganese Silicate). Any excess of SiO2 forms 
FeOS102 ([ron Silicate). Manganese in connection 
with sulphur forms MnS which with low $102 is 
broken up to Mn and SQ2, Mn going back into the 
metal, and the SO2 goes into the air. 

With excess SiO2 we have FeOsS:102 present, Mn> 
+ FeS -+- MnOsSiO2. FeS goes back into the metal 
and no reduction of sulphur takes place. In this test 
dolomite was used in the runner at the blast furnace, 
in the place of sand, in order to keep the slag as low 
as possible in SiO2Z. 

With high manganese iron, elimination of sulphur 
also takes place in the mixer, if the SiO2 is kept low 
Si02 
MnO 


@ 
est removal was accomplished, but some removal takes 


., Mno 
piace with S02 as high as 1.20. 
the averag removal of sulphur in the mixer was 0.006 
per cent. 

The general conclusions that I have drawn from 
the above data, are, that it is possible for the blast 
furnace man with high manganese iron, to run lean 
slugs, maintain tonnage, and with sulphur in blast 
furnace iron as high as 0.1 to deliver that same iron 
to the open hearth furnaces through mixer, with 50 
per cent of sulphur eliminated. 


High Manganese Iron, in its Relation to the Operation 
of an Open Hearth Furnace. 

The principle objections brought out against the 
‘use of high manganese iron are: 

Decreased tonnage, decreased yield of ingots, scori- 
fication of furnace banks and scorification of ladle 
linings. 

I will give the results of our experience at Open 
Hearth No. 3 at Bethlehem in this connection. 

Tonnage—During the month of August 1920, we 
worked exclusively on high manganese iron. We 


in the slag. With a ratio = 0.80 in slag, great- 


In these tests 
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have 50 ton furnaces and tapped 7/0 ton heats of ingots. 
Our average time of heats during this month was 
10 hours and 15 minutes. The includes all the alloy 
grades, and is the best average time that was ever 
made in this shop. We feel that one of the reasons 
of this decrease in time of heats was the fact that 
a slug can be worked into shape quicker with igh 
manganese iron than with low manganese. 

Yields at Open Elearth No. 3 for the month ot 
August 1920. according ‘to grades, are as follows: 


Per Cent 
Basic carbon high manganese............. 0000008 89.77 
sasic Carbo: Ordinary .ccgacs4s bien van eee te Sees 90.29 
Basic carbon special... 2... cece cece ees 89.47 
Basic carbon high silicon ......... 0.0.0 cee eee eee 90.45 
Basi@ Avickeh west tcie us aleowtaousae Metacalkenaune 88.38 
ASIC CHEUING Acc pac tle otaq keke wadchaea pala borte x 91.18 
Basie -mitkel: Chrome <0. ¢ ohé.c0uacs curag oaseasd 89.89 
Basic chrome vanadium ............. 00000 e eee 91.64 
Basic chrome molybdenum..........0.... 0.002 eee 90.22 


This 1s better practice than we have averaged with 
low manganese iron, which [ partially explain as fol- 
lows :— 


Average analysis of iron: 


2.10 029 051 1.18 
Mn. P. S. Si. 


which with our scrap charge would give us a charge 
vt about 140 per cent manganese. ‘The residual 
manganese in the bath averaged 0.34 per cent or a 
loss in manganese of 1.04 per cent of the weight of 
the chare. 


Our experience with low manganese iron, running 
about 0.705 per cent manganese, would be a charge 
containing about 0.60 per cent manganese, a residual 
of 0.10 per cent manganese, or a loss of 0.50 per cent 
manganese. Therefore, the difference in, manganese 
loss of a high manganese charge over a low manga- 
nese charge would be 1.04 per cent. 


Our slag weight runs about 250 pounds slag per 
ton of charge. Wuth normal slag on low manganese 
iron, this slag contains about 16 per cent of FeO or 
12 per cent, which ts 1.34 per cent of the metallic 
charge. 


The slag on high manganese iron charges, as will 
be shown later, shows an average of 9 per cent FeO 
or 7 per cent Fe which is 0.69 per cent of the metallic 
weight of charge. This gives the FeO loss in slag 
0.69 per cent on high manganese iron against 1.34 per 
cent low manganese iron or a saving of 0.65 per cent 
of iron, which more than equalizes the 0.54 per cent 
loss in manganese due to the use of high manganese 
iron. 


Scorification of Furnace Bottoms. 

I can find no explanation as to why high manga- 
nese iron should be harder on furnace bottoms than 
low manganese iron. In fact our experience has 
been, if anything, the other way. During this same month 
of August, we averaged 11 minutes bottom delay per heat 
which is lower than usual. MnO being a base should not 
affect a basic bottom. 


Ladle Linings. 

Our experience with ladle linings shows nothing 
detrimental in the use of high manganese iron. Our 
average for the month of August, of 18 heats per ladle. 
compares favorably with ordinary practice. We used 
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a 90 ton ladle for a 70 ton heat, giving a large volume 
of slag; with slow pouring through 1% inch nozzles. 
Also, we box-pour, which necessitates steel and slag. 


Effect of High Manganese Iron on Quality of Steel 
Produced. 


Sulphur and oxygen are the cause of considerable 
worry to those whose task it is to convert the ingot 
to the finished product. The effect of manganese on 
sulphur and oxygen is believed to be as follows: 

Sulphur—Iron combines easily with sulphur and 
in certain associations at certain temperatures is cap- 
able of taking it up from otherwise stable compounds. 
Among others, it decomposes sulphate of lime (CaSo4) 
according to the equation: 

CaSo4 -+ 4Fe = FeS + CaO + 3FeO. 

The iron sulphide goes into the metal. From this 
it is seen that even though we start with a low sul- 
phur charge and are compelled to use high sulphur 
fuel, the sulphur may get into the bath in the fol- 
from the furnace. with the waste gases, and the slag 
is robbed of its sulphur content. 


Averages are as follows: 


Iron with manganese 0.75 per cent to 1 per cent, 
giving residual manganese of below 0.20 per cent the 
hnished sulphur in heat shows 0.046 per cent. 


Iron with manganese 1 per cent to 1.50 per cent 
giving 0.20 per cent to 0.25 per cent residual manga- 
nese, the finished sulphur in heat shows 0.043 per cent. 


Iron with manganese 1.50 per cent to 2 per cent 
giving 0.25 per cent to 0.30 per cent residual manga- 
nese, the finished sulphur in heat 0.041 per cent. 


Iron with manganese above 2 per cent giving above 
0.20 per cent residual manganese the finished sulphur 
in heat shows .038 per cent. 


The sulphtr in the charge was increased with the 
manganese in the iron rather than decreased: 


Charge of 0.75 per cent to 1.00 per cent manganese 
averaged 0,052 per cent sulphur. 


Charge of 1.00 per cent to 1.50 per cent manganese 
averaged 0.053 per cent sulphur. — 

Charge of 1.50 per cent to 2.00 per cent manganese 
averaged 0.055 per cent sulphur. 

Charge of above 2.00 per cent manganese aver- 
aged 0.061 per cent sulphur. 

Same fuel was used on all heats. 


With the nickelferous irons used for making nickel 
steel ; 


A 0.0345 per cent sulphur iron containing 0.66 per 
cent manganese gave 0.0385 per cent sulphur in the 
steel; a 0.0395 per cent sulphur iron containing 2.35 
per cent manganese gave 0.029 per cent sulphur in 
the steel. Outside of the pig iron other elements were 
the same. 


An interesting experiment was conducted in Beth- 
lehem two weeks ago in connection with the removal 
of sulphur by means of manganese. Cast A2332 
analyzing at blast furnace Mn 1.92, P .120, S .226, Si 
0.65 was used directly on heats B55676 and C52237; 
the residual manganese in these heats was 0.31 per 
cent and 0.33 per cent respectively; the sulphurs on 
the finished heats were 0.029 per cent and 0.030 per 
cent. At the same time cast B4004 analyzing Mn 0.90. 
P 0.98, S .120 and Si 0.68 was used on heat B55688 and 
the finished sulphur showed 0.077 per cent. All three 
heats were worked as nearly alike as possible in the 
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furnace, using the same kind of fuel, scrap, limestone. 
charge, etc. No time was lost working down sulphur 
in either case. 


From the above results I have concluded that 
manganese introduced in the pig iron will reduce 
sulphur in the open hearth charge. 


Oxygen. 


Oxygen 1s contained in all classes of steel but only 
in very minute amounts. The estimation by analysis 
of the amount present is accompanied by very great 
difficulties. In spite of the fact that the amount of 
oxygen going in the steel is in very small ratio to the 
total weight, we can daily observe that iron takes up 
oxygen and that large amounts of reducing agents 
are not capable of completely hindering its entry. 
Carbon, phosphorus and silicon, for example, act im- 
perfectly in a basic furnace to take up oxygen. 


According to the best evidence, the first indication 
of red-shortness in steel is noticeable with 0.01 per 
cent oxygen, while a content of 0.05 per cent oxygen 
renders steel unusable. ‘ 


According to Dickman; red-shortness due to oxygen 
cannot be offset by carbon, phosphorus or silicon, but 
can be very much reduced by means of manganese, 
which, although it does not effect complete removal. 
must be regarded as the best destructive agent of the 


' ferrous oxide dissolved in the iron. We can then use 


manganese as a preventative agent against red-short- 
ness by means of additions to the charge. This is 
best accomplished by the use of high manganese iron. 


Dickman also claims, and this is borne out by our 
practice, that oxygen will not be found in steel in 
note-worthy quantities so long as the residual manga- 
nese remains sufficiently high (0.30 per cent). The 
reason for this is as follows:. 


In acid steel manufacture, a great deal has been 
said in the past few years about the impregnation of 
both with silicon from the slag and furnace bot- 
tom; and I think it has been generally agreed that an 
acid heat, to impregnate any large amount of silica 
must be pretty free from oxides. The same may be 
said about reversal of manganese from slag to metal 
in a basic furnace. When this takes place, the heat 
must be pretty well cleared up and the slag and metal 
must be nearly free from FeO. 


Slag analyses were taken from heat B55699 at the 
same time as the tests for residual manganese; with 
the following results: ' 


Manganese : 
Per Cent 
Ai MGS AOSt: ec anna eh ees eae wees aA hea 0.20 
In second test (4 hour later)..............0. 000s 0.32 


Slag Analysis: 


Si02 CaO MgO FeO MnO P205_ Sul. 
First test...... 22.15 48.28 5.32 1055 565 1.43 .235 
Second test.... 2493 4881 7.70 709 3.95 145 125 


The decrease in MnO shows a return of manganese 
to metal from slag; a corresponding decrease of FeO; 
also a decrease of sulphur in slag due to the MnS be- 
ing broken up and the Mn returning to the metal. 
With iron oxides as low as this in basic open hearth 
slag, we would not expect much oxygen to.be found 
in the steel. 7 
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Remodeled Blast Furnace at [ronton, Ohio 


The Belfast Iron Works Company Has Successfully Blown in 

The Blast Furnace After It Has Been Down for One Year for 

Improvements—Entire Character of the Plant Has Been Changed. 
By F. H. WILLCOX. 


provements at the plant, the furnace of the 
Belfont Iron Works Company, Ironton, O., was 
successfully blown in on August 31, 1920. 


The work carried through on this blast furnace 
entirely changed the character of the plant. ‘The 
original furnace was 7/5 ft. high with a 10 ft. hearth, 
16 ft. bosh and 10 ft. stock line, and maintained an 
average daily production of 150 tons. Under the 
management of Karl Steinbacher, superintendent of 
the furnace plant, the old furnace had stayed in blast 
on one lining for eight years and five months, a 
record on lining that is very noteworthy. The fur- 
nace was hand-filled, coke being for the: most part 
unloaded from box cars and hauled a matter of 250 
feet to the elevators, while the ore and stone was 
dumped from trestles, loaded into buggies and then 
hauled to the elevators, the length of haul varying 
from 50 to 250 feet. All cinder was run on the bank 
into runners, from whence it was forked by manual 
labor into railroad cars adjacent to the bank or into 
carts by means of which the slag was hauled and 
dumped on adjacent company property. 


The furnace was served by four 16x60 ft. Whitwell 
stoves, the shells and bottoms of which were badly 
rusted and thin, and in some cases sheared to an 
extent that made their further use impossible. The 
domes had been renewed on three of the stoves. There 
was an auxiliary 20x80 ft. McClure stove which had 
been erected in 1917 but which had never been con- 
nected onto the blast or gas main system. Both 
stoves and boilers were served by an underground 
gas main and both stoves and boilers connected with 
the draft stack by means of underground flues. 

The boiler equipment consisted of six double-flue 
boilers suitable for 100 Ibs. steam pressure... The 
blowing equipment consisted of two’ Totten’ & Co. 


A FTER being out of blast for one year for im: 


Pittsburgh Blowing Engines, in service since 1878, : 


incapable of blowing much more than 7 lbs. blast 
pressure. The entire plant was run non-condensiny. 


In addition to the McClure stove, which was 
erected at the end of the row of four Whitwell stoves. 
the company had, on hand, unerected, a General 
Electric turbo blower of 22,000 cu. ft. capacity, 4 
Wheeler condenser and Engineering Company baro- 
metric condenser, complete with exhaust piping pur- 
chased for installation with the blower, and two 
Wheeler motor driven centrifugal condenser pumps. 


At a somewhat earlier date the company had put 
in a notable improvement in pig iron handling in the 
shape of a cast house crane equipped with magnet for 
loading pig iron from beds into cars and onto pig iron 
wharf. They had also installed a permanent steel 
trestle which connected with the Norfolk & Western 
Railroad and led up to the space between: the furnace 
plant and the river bank, utilized for cinder. bank. 


The blast furnace was blown out on June 11, 1919; 


and work of dismantling was immediately started: — 
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_ bell there are 8,580 cubic feet. 
Iron Association’s rating basis, and on their 60 pounds of 


The shell of the furnace was in excellent condition as 
were the foundation, columns, and column base plate. 
After the lining was removed and the iron and steel 
work of the hearth and bosh was dismantled, it was 
found that the furnace shell and mantle required no 
leveling as they were substantially correct. 

Both on account of the lightness of construction of 
bosh bands, tuyere breast reinforcement and hearth 
jacket, and on account of the alterations in lines of 
the furnace, entirely new iron and steel work was 
placed beneath the bosh. New 1% inch bosh bands 
were placed, these bands being rigidly supported by 
cast steel bosh band supports to prevent slipping of 
the bands. A new tuyere breast was built, consist- 
ing of a continuous ring of 1 inch steel plate with 
openings for eight tuyere coolers and tuyere breast 
plates; a new cast iron hearth jacket with cooling 
pipe cast in was used, this jacket being 6” thick, rein- 
forced with three 1 yn encircling bands. The hearth 
jacket segments were also bolted together. This hearth 
jacket extends five feet below the bottom of the iron 
notch and is bricked up solidly about the outside, only a 
small run-off trough for occasional waste water being 
provided. All water connections on hearth, tuyere breast 
and hearth jacket discharge into the water trough at the 
mantle. 


A small salamander was removed and the bottom laid 
up with five courses of standard 18 x 9 x 414” bottom 
block. 


The cubical capacity of the furnace was slightly 
increased insofar as this could be done without changing 
the mantle ring or column base plate ring. The bosh was 
lowered .and made steeper, the batter of the inwall was 
increased, the hearth and bosh diameters were increased, 
thus giving a total cubical capacity of furnace of- 9,280 
feet. From the center line of tuyeres to within 2 feet of 
This is‘the Southern Pig 


coke per cubic foot capacity ‘figure, ‘this: furnace should 
be capable of. burning 515,000 pounds of coke per day, 
corresponding to a pig: iron production of approximately 
250 tons. 


" The lining of this furnace was furnished by the Harbi- 
son- Walker Refractorres: Company, the same~brand being 
used as that which gave such a remarkable record on the 
previous blast campaign. 


All of the old Whitwell stoves were dismantled and 
sold for scrap, with the exception of one, part of the shell 
of which was in good condition. This stove had the bot- 
tom course taken out, this being the weakest part of the 
stove. It was lowered and. moved over adjacent to the 
furnace and converted into a dust catcher. 


In the place of the four old stoves there were erected 
two new Brassert-Jones 2-pass hot blast stoves, 20x 80 | 
feet, having a combined heating surface of 120, 000 square | 
feet. These,‘in conjunction with the existing McClure 
stove, gave a total of 158,000 square feet of heating sur- 
face. Oak Hill Fire Brick Company’s Cambria Stove 
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Brick was used. An entirely new bustle pipe and hot 
blast main was installed between stoves and furnace. 


Stoves were equipped with mushroom type hot blast 
valves, Universal stove burners and Weinel chimney 
valves. The existing stack which originally served both 
stoves and boilers was made use of in the remodeling 
work, the two new Brassert-Jones stoves being connected 
to the stack by means of the new underground brick-lined 
concrete flue integral with the stove foundation. 


The gas. main system is comprised in the new dust 
catcher converted from one of the old stoves from whence 
the gas is led direct to the boilers by means of the new 
overhead gas main. The gas for the stoves is taken from 
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the stove flue and stack materially help draft conditions 
at the stoves, the stack temperature of the new stoves 
being so low as to have probably occasioned difficulty 
with low draft had the existing stack been connected to 
the stoves only. 

The boilers are all provided with Birkholz-Terbeck 
Gas Burners equipped with butterfly regulating valves 
and positive shut-off valve, and have standard piping 
equipment throughout. The boiler blow-off lines have 
double blow-off valves and all blow-off valves discharge 
through a common header into a blow-off well. This 
blow-off well in turn connects to the sewer carrying waste 
water from the gas washer discharge. Waste water from 


Fig. 1—Showing cinder pit, stoves, gas cleaning system and furnace. 


the boiler gas main and led to a 10 foot Brassert washer, 
and by means of a new overhead gas main to the stoves. 
A by-pass is provided between dust catcher and stove gas 
main. 


The new boiler plant consists of seven Stirling water 
tube boilers, a total capacity of 2100 bhp being pro- 
vided. Four of the boilers have their breeching connec- 
tien adjacent to the stove flue and discharge into it, 
while the other three boilers have independent stacks. 
This: arrangement is found to be most beneficial for not 
only was the cost of new stacks saved but the relatively 
higher temperature of gases from the boilers passing into 
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the hot blast stoves is also taken care of through the same 
sewer, as is surface drainage about stoves, boilers and 
town side of plant. 


From the new stoves a new cold blast main was put 
in, together with 20-inch by-pass valve back to the new 
turbo blower, with an auxiliary blast connection to the 
old reciprocating blowers, which are kept iu position and 
connected to steam supply for use in an emergency. ‘The 
cold blast line is equipped with safety relief valves, Pratt 
& Cady cold blast valve, and has provision for connec- 
tion of steam lines for use in emergency. 


As the foundation for the air end of the blower had 
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already been placed in the existing power house, it was 
decided to utilize this location. The house was therefore 
extended, foundations for the steam end placed and 
turbo blower set in position. The house was also extended 
down river, in which extension was placed a new Otis 
steam hoist, two motor driven Wheeler condenser pumps 
and the steam cylinders for operating the blast furnace 


« 7 


Nevin 


Fig. 2—Showing boilers, stoves, gas cleaner and furnace. 


bells. An extension was also made ir existing power 
house bay, in which was placed a new 125 kw Ridgway 
reciprocating de generator. This was installed to take 
care of increased electrical requirements in the new 
Wheeler condenser, pumps and new scale car. This is 
supplemented by the existing 75 kw Ridgway generator 


which was purchased before the reconstruction period to. 


take care of the crane and lighting service. 
The old water system consisted of two Fairbanks- 


Morse reciprocating pumps mounted on incline at river,. 


which were used for supplying all the water for the 
plant. These originally pumped to small overhead tanks 
whence the water ran to the bosh and back into an under- 
ground cistern. From this cistern water was repumped 
back into the tank by means of McGowan reciprocating 
pumps. .For boiler feed water service there were three 
Worthington pumps already at the plant in excellent con- 
dition and capable of pumping against 175 lb. pressure. 


In laying out the new water system provision had to 
be made to take care of materially increased amounts of 
water inasmuch as the condenser required an additional 
1,000 gallons and the washer an additional 500 gallons 
over and above the former requirements. Moreover, due 
to the redesign of the furnace more cooling water con- 
nections were incorporated in the bosh piping, this atso 
increasing the amount of water by perhaps 300 gallons 
per minute. 


In laying out the new water system the Fairbanks-. 


Morse pumps originally on the river bank incline were 
installed in the pump house which was made integral with 
existing power house. These were supplemented by the 
McGowan pumps originally in use for recirculating the 
water from the cistern to the tanks. Two new Worth- 
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ington 2,000 gallon centrifugal pumps, driven by General __ 
Electric ‘single stage steam turbines, were installed on a. 


new incline. These pumps deliver to a single 10 inch line. pie 


running up the incline and this line is provided with three. 
discharges, one to a double compartment reservoir, one. 
to the furnace bosh and one to the condenser. The suc- 


tion of the Wheeler condenser pump leads to each com- 


partment of the reservoir and the discharge of these- 
pumps was connected up so that the pumps can serve 
either the condenser or the furnace bosh. By means of. 
a by-pass they can also serve the line leading to the gas 
washer, stoves and general wash-up hose connections. 


The suction of the reciprocating Fairbanks-Morse, 
Worthington and McGowan pumps was also led to the 
double compartment reservoir with an auxiliary ‘suction 
in the condenser hot well. The discharge from thse 


pumps leads primarily to the gas’ washer, aves aud: 2c 


~eyte: 


wash-up hose connections but by means of auxiliary Come es 


nections these pumps may also serve the furnace Lesh. 

It will be seen that the water system, provided’ a most 
flexible system. In ordinary operation the river pumps 
discharge 1,000 gallons per minute direct to the blower 
condenser, pumping at a head of approximately 120 feet’ : 
from river to condenser inlet. The condenser dene 
water runs by means of a weir back into one of the two 
compartments of the reservoir, from which the boiler feed 
pumps and the gas washer and general service water 
reciprocating pumps draw their supply. The other 1,000 
gallons from the river pumps over and above the require- .. 
ments of the condenser are discharged into the second 


Fig. 3—Showing bins and trestle approach, skip mneline and 
power house. 


compartment of the reservoir : from this compartment 
the Wheeler pumps draw their supply and pump. direct | 
to blast furnace bosh. The blast furnace bosh water is 


led back and discharges into the same. reservoir that. the., : 


condenser hot well water flows into. By means of a.weir- 
between the two compartments, should the water in the. 
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reservoir from which the furnace bosh water 1s pulled, 
become low, the large surplus of water from the other 
reservoir will flow into it, thus maintaining the level. 
Normally there is a substantial flow of cold water in the 
opposite direction. : 


Exhaust steam from the reciprocating pumps is led 
through a feed water heater. The generators are con- 
nected up so that their discharge can be led through to 
the feed water heater or to the condenser. An entire new 
steam line system was installed adequate for 160 pounds 
pressure. 


The present method of handling iron was left unal- 
tered but to take care of slag two dry cinder pits were 
installed with a common track between them. These pits 
are served by a Marion Model No. 36 revolving steam 
shovel, mounted on railway wheels and equipped with 
standard 20 foot boom and 1% cubic yard dipper. On 
account of the certainty of a considerable surplus of 
steam and at the suggestion of Mr. Steinbacher, a steam 
line was led from the Stirling boilers to the various work- 
ing positions of the shovel and steam is furnished the 
engine from the gas fired boilers through flexible hose, 
the boiler furnished with the engine being used as a 
receiver separator. 


With the exception of the new steel trestle previously 
mentioned, all the existing wooden trestles were scrapped. 
From the em of the steel trestle an extension was made 
leading to a set of new steel bins and thence to a stocking 
trestle; both bins and stocking trestle being double 
tracked. The bin equipment consists of one coke bin, 
chuting coke direct to skip cars. The chutes are equipped 
with Haven type coke screens, each chute discharging 
into a common header that leads the coke braize to a 
small auxiliary skip at the bottom of the skip pit. The 
coke bin has a capacity of 200 tons of coke. There are 
two limestone bins having a total capacity of 225 tons of 
stone, and six ore bins having a total capacity of 1,000 
tons of ore. The bins were purposely made of ample 
capacity so that minimum labor would be required. For 
a 250-ton pig iron production under established operating 
conditions no labor will be required at the bins on night 
turns. 


For unloading material and getting ore and stone into 
the bins there is provided an Orton & Steinbrenner 30- 
ton 8-wheel steam operated standard gauge locomotive 
crane having 50 ft. boom, 11%4 cu. yd. extra heavy ore 
bucket. This crane works on an 80 ft. track radius, has 
19,000 Ib. capacity at 50 ft. radius with outriggers in 
place, and has 9,700 Ib. capacity at 50 ft. radius withou 
outriggers. | 


The stock yard is equipped with Atlas 100 cu. ft. 
capacity single hopper scale car. 


The old elevator was left in position to serve as a 
passenger and freight elevator for access to the top. A 
new cantilever type double track skip incline was installed 
at the furnace. The skip cars have a capacity of 2,250 
Ibs. of coke each. The old single bell top was replaced 
with a standard Brassert type double-bell top. 


The entire pJant, inclusive of ore and limestone stock- 
ing room, skip pit, pig iron handling, power house and 
stove and boiler location, is comprised in 414 acres. 

The outstanding improvements consist in the enlarge- 
ment of the furnace from 150 to 250 tons daily capacity ; 


the provision of adequate blowing and hot blast stove 


equipnient to realize this capacity; the provision of stock- 
ing and charging equipment to enable stock to be fed to 
the furnace, with marked economy in labor, fast enough 
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to maintain this capacity; the provision of mechanical 
slag pit arrangement to take the place of hand forking 
of cinder with its attendant large labor force; the provi-. 
sion of a power house in which is concentrated all power 
generation and handling inclusive of reciprocating and 
condenser pumps, generators, blowers, skip hoist engine 
and steam bell operating cylinders; and finally, the cut- 
ting of a preexisting labor force of approximately 120 
men to a present labor force of approximately 80. 


Freyn, Brassert & Co. were Consulting and Super- 
vising Engineers on this work. In codperation with S. G. 
Gilfillan, president, and Kard Steinbacher, superinten- 
dent, of the Belfont Iron Works Company, a construction 
force was organized which was placed under the joint 
supervision of Mr. Steinbacher and W. I. Cool, Resident 
Engineer of Freyn, Brassert & Co. This construction 
organization was made up of the Belfont Iron Works 
Company’s operating force who took care of certain dis- 
mantling and fitting-up jobs; Hibben & Co., who fabri- 
cated and erected all iron and steel work comprised in 
the furnace below the mantle, new bustle pipe and hot 
blast main, new stoves and cold blast and gas mains, 
including the dust catcher and gas washer; the Mt. 
Vernon Bridge Company, who fabricated and erected 
the new bins and trestle, skip incline and furnace top; F. 
B. Davies, who had all excavation and concrete work ; 
Harry Wileman who had the general contract for all 
brickwork in the stoves, furnace, setting of boilers and 
extension of power house; Charles Bick, who had in 
charge the erection of the Stirling boilers; and the Pitts- 
burgh Piping & Equipment Co. who put in the new steam 
and water line systems and also erected the condenser 
and exhaust piping. , 


APPEAL FOR DEVELOPMENT OF FOREIGN 
TRADE. 


In addressing the seventh annual meeting of the 
National Foreign Trade Council, James A. Farrell, presi- 
dent of the United States Steel Corporation and chair- 
man of the council, urged the necessity for developing 
foreign markets if the present productive capacity of this 
country is to be maintained. 


“The foreign trade of the United States, in common 
with domestic business, is suffering from the general con- 
traction of credit,” he declared. “American exporters in 
many cases have been unable to finance an extension of 
their existing trade. In other cases they have been unable 
to grant to foreign customers the credit necessary to 
insure continued foreign purchases. Furthermore, the 
situation has been aggravated by the low purchasing 
power of many European nations, and by the frequent 
disturbances in transportation facilities. 


“Under these conditions some of our manufacturers 
have been forced to diminish or discontinue their activi- 
ties in foreign fields. But it is inconceivable that such a 
lessening of our foreign trade interests should be suffered 
to continue longer than is absolutely necessary, or shoukl 
be allowed to deter American manufacturers from mak- 
ing foreign trade a permanent and integral part of their 
business policy. 

“In every business there is a part of the production, 
roughly estimated at the last 20 per cent, which cannot 
remain unsold if the first 80 per cent of the sales are to 
prove profitable. Remove this last 20 per cent and the 
whole operation will cease to show a profit. So it is with 
the present productive capacity of the United States; a 
certain volume of foreign sales must be maintained or the 
industry of the country will suffer throughout.” 
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Reactions in Certain Steels at 930°C. 


Reasons Why Different Investigators Working on Same Kind of 
Steel, With Apparently the Same Heat Treatment, Do Not Get 
the Same Results, Due to Influence of Increased Temperature. 


By E. D. CAMPBELL and B. A. SOULE, 
University of Michigan. 


T has been recognized for many years that the physical 
| properties of steel are primarily dependent upon 

chemical composition. The dependence of such proper- 
ties as electrical and thermal resistivity, thermo-electro- 
motive potential, as well as magnetic properties, on the 
chemical constitution, has been more fully appreciated 
during the past 25 years than ever before. It is now very 
generally recognized that changes in physical properties, 
such as elastic limit and hardness induced by cold work- 
ing, are not accompanied by any material change in 
electrical resistivity or thermo-electromotive potential. 
These two latter properties are directly dependent on the 
concentration and degree of dissociation of the carbides 
or other solutes in solution, and consequently variations 
in these properties may be used as means of detecting or 
determining changes which must have taken place in 
atomic relations between the solutes and solvent. The 
rate at which reactions take place in recently hardened 
steels at room temperature and at 100 degrees C. com- 
posed the subject-matter of an article presented to the 
Institute in 1918.* The results obtained at that time 


show very strikingly the great influence of even a com- 
paratively slight increase of temperature on the rate of 
reaction, since at 100 degrees C. there was a greater 
change in specific resistance in 12 hours than there was in 
two years at room temperature. 


The object of the present investigation was to deter- 
mine whether when a bar of steel 6 millimetres square 
by 15 centimeters long was hardened by quickly plunging 
it into ice water there would be a detectable difference in 
chemical constitution between the two ends of the bar. 
Such a bar may be considered as made up of a number of 
sections, No. 1 being that which first touches the water. 
In such a case the instant section 1 enters the water heat 
will begin to flow from the furthest section towards it, 
so that when the furthest section is below the surface it 
will be cooled more rapidly than the opposite end, since 
- heat is lost not only to the surrounding medium but also 

by metallic conduction toward section 1. 


Bars of these steels 6 millimeters square and 15 centi- 
meters long were suspended in an electrically heated fur- 
nace which had been brought to the temperature from 
which the bars were to be quenched. The furnace was 
so designed that the bars might be maintained at a given 
temperature for any desired length of time without any 
oxidation. The time required to transfer a bar from the 
furnace to the quenching bath was reduced to about one 
second. The bars were kept in the furnace one hour in 
order to be sure that they were at the same temperature 
as the furnace, the temperature being measured by means 
of a platinum platinum-rhodium thermocouple, the bead 
of which was within a few millimeters of the bars under 
treatment. Quenching was effected in a large volume 


oo of the Iron and Steel Institute, 1918, No. I, 
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of water maintained below 10 degrees C. by means of 
crushed ice. The time required for each bar to lose all 
red color after immersion did not exceed one second, 
while within five or six seconds it had cooled to bath 
temperature. 


As it was not practicable to measure the electrical 
resistance of the end of a bar, resort was had to measure- 
ments of the thermo-electromotive potential of the 
solutes by measuring the potential when the hardened 
bars were opposed to bars of very pure electrolytic iron. 


Five steels were selected for the work. 


“A” is a hypereutectoid nearly pure iron carbon alloy 
made by carburizing ingot iron. This steel was selected 
in order to eliminate as far as possible the influence of 
elements other than carbon. 


“B” is a high silicon transformer steel. 

“C”’ is a basic open hearth 5 per cent nickel steel. 

“D” is a commercial manganese steel. 

“E” is a hypoeutectoid manganese steel resulting from 
the decarburization by means of hydrogen of steel “D.” 


The composition of the five steels is given in Table 1. 


0.005 0.018 oe 
0 094 0.122 0.03 0.025 3.649 ee 
0.182 0.493 0.010 0.030 0.267 5.00 
1150 1157 0.055 0.023 0.25 se 
0.133 11 $7 0.055 01026 0.25 


The electrolytic iron used was furnished the authors 
through the courtesy of Dr. T. D. Yensen, who had pre- 
pared a number of small ingots by melting im vacuo in 
crucibles of pure fused MgO, selected pieces of electro- 
lytic iron deposited when using American ingot iron as 
an anode. From one of these small ingots a bar about 
55 centimeters long and nearly 1 centimeter square was 
forged. Three pieces, 15 centimeters each in length, were 
cut from the long bar and annealed by heating im vacuo 
to 958 degrees C., followed by slow cooling in the fur- 
nace. From these annealed bars the 6 millimeters square 
samples used in the experimental work were machined. 


The method of measuring the potential developed for 
a temperature gradient of 1 degree at sections 1 to 15 
of the different hardened steels (fifteen sections being the 
number into which the bar was regarded as being divided) 
was essentially similar to the method used in work of this 
kind previously described,f but somewhat modified with 
view to increasing the accuracy of the determinations and 
eliminating the slight electromotive force occasionally 
arising from direct contact of water with the steel at the 
cold ends of the system. 


Table 1—Percentage Composition of Steels. 
1.184 0.016 


MOORS 


The set-up for measurement consisted of three of the 
heat-treated bars held together at their ends with small 
pure iron clamps, so that they could be adjusted to any 
desired angle and a similar compound bar made up of 
three pieces of electrolytic iron. These compound bars 


tJournal of the Iron and Steel Institute, 1915, No. 11, p. 
268; ibid., 1917, No. II, p. 251. 
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were fastened together at one end by means of a clamp 
\ like the others. 


The compound bar was so shaped that 
this hot junction was immersed about 8 centimeters below 
the surface of a gas-heated oil bath, provided with a 
motor-driven stirrer to insure uniformity of the tempera- 
ture. This was determined by means of a long mercury 
thermometer graduated in tenths of a degree, the bulb 
being placed in close proximity with the hot junction. 
The thermometer used was standardized by comparison 


with a ‘similar one having a Bureau of Standards certifi-. 


cate, and all necessary corrections were applied to each 
‘ reading’ in order to determine the actual!’ bath temperature. 
“To the outer ends of: the- system of six bars; resembling 


_- roughly in form a block M, lead wires of annealed ingot 
' iron were clamped, their opposite ends bemg connected 


with the potentiometer by means of copper leads, these 
two connections-being placed: close together in a small 
bottle containing enough oil to cover them and thus insure 
uniformity of the contacts at this-point. The two ver- 
tical bars with their leads were placed in test-tubes filled 
to a depth of 6 or. / centimeters with some of the trans- 
former oil used in the oil bath. The test-tubes were 


' placed in large earthenware cups filled with crushed ice 
and provided with a small hole in the bottom to allow 
escape of water. Measurements made with a small ther- 


mometer, so placed that the bulb was inside the clamp 
and against the lower end of the bar, showed that when 
equilibrium was established the cold end of the bars 


' degree. 
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for 24 hours in an electrically heated oven. After tem- 
pering the bars two more sets of measurements were 
made under the same conditions as those used in exam- 
ining them when freshly quenched. 

The results of these measurements are summarized 
in Table 2, in which column 1 gives the steel; columns 
2 and 3 the thermo-electromotive potential of sections 1 
and 15 As ectively for a temperature gradient of 1 
olumn 4 shows the difference between sections 
1 and 15 ot the freshly quenched metal. Columns 5 and 
6 give the potentials due to a gradient of 1 degree for 
sections 1 and 15 after tempering, the difference between 
these latter measurements being shown in column 7.. The 
change in thermo-electromotive potential for a tempera- 
ture gradient of 1 degree, due to the tempering, is shown 
in columns 8 and 9. 

An examination of the figures given in Table 2 would 
lead to the following conclusions: 

1. The difference in the rate of cooling of the two 
ends of a bar produces changes in chemical constitution 
which result in differences in thermo-electromotive poten- 
tial much in excess of anything attributable to experi- 
mental error. 

2. In all the freshly quenched steels, Section 15, on 
account of the more rapid rate of cooling, has a higher 
thermo-electromotive potential than Section 1. 


3. In the carbon steel “A” the difference in poten- 


Table 2. 


T.E.M.P. in Microvolts 
for 1° Gradient of Freshly 
Quenched Bars 
Sect. 1° Sect. 15 


- stood at 1.8 degrees C. This was therefore adopted as 


_the cold junction temperature. A temperature gradient 
of as‘nearly as possible 50 degrees was employed—that 
is, the thermometer at the hot junction stood at about 
52 degrees C. The thermo-electromotive potentials were 
measured by means of a Leeds & Northrup precision 
patentiometer, a Weston cell with Bureau of Standards 


certificate being used in, balancing. This apparatus is 


graduated directly to 0.5 microvolt, thus tenths may be 
quite accurately estimated. An experimental error of 1 
microvolt when measuring potential with a total tempera- 
ture gradient of 50 degrees would therefore introduce an 
“error of only 0.02 microvolt when the potentials reported, 
as is done in Table 2, are reduced to a gradient of 1 
degree. | | 


_ Measurements of thermo-electromotive potential were 


.made using three freshly quenched bars of each of the 


five steels, the first set of measurements being made with 
the bar which was in the oil bath, so placed that section 
1 was in contact with the electrolytic iron, thus consti- 
;tuting the hot junction. The second set of measurements 


"on the freshly quenched bars was made with the position 


of the bar'in the oil-bath reversed—that is, with section 
15 as part of the hot junction. When all measurements 
on the freshly quenched bars had been completed, all 
the hardened bars were tempered at a temperature vary- 
ing from 110 degrees to 115 degrees C. by placing them 
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T.E.M.P. in Microvolts 
for 1° Gradient of 
Tempered Bars 
Sect. 1 


Changes due to 
Tempering 


Sect. 15 


tial at the opposite ends of the bar would indicate a differ- 
ence in chemical constitution approximately equal to 8 
per cent of that due to tempering at 110 degrees C: and 
about 3 per cent of that due to the total carbide concen- 
tration. 


4. In steels like B, C, D, and E, having a third ele- 
ment whose thermo-electromotive potential is higher than 
that which would be due to carbides alone, the effect of 
precipitating carbides by tempering at 110 degrees C. is 
to increase the thermo-electromotive potential. This 
increase is in accord with the principle advanced in a 
former paper dealing with this point.* 


In complex steels containing two or more elments 
other than carbon, such as chromium, tungsten, or 
molybdenum, changes in chemical constitution due to 
differences in rate of cooling do not manifest themselves 
as simply as they do in the case of steels investigated. 


The rapidity with which reactions take place in steel 
at high temperatures producing changes in chemical con- 
stitution which affect. both electrical resistivity and 


. thermo-electromotive potential, makes it easy to under- 


stand why different investigators working on presumably 
the same kind of steel with apparently the same heat 
treatment, may not agree very closely on the values 
reported. 


*Journal of the Iron and Steel Institute, 1917, No. 2, p. 251. 
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Uniflow Steam Engine in England 


Principle and Special Features—Advantages of the Uniflow 
| Engine—Its Flexibility, Speed Control and Upkeep— 
Details of Design, Including a Brief History of the poveneer 
By T. B. PERRY. 


AVING regard to the high price of all classes 

of fuel at the present time and the consequent 

necessity of reducing consumption to a mini- 
mum, it is thought that a short paper on the history, 
principle of working, and details of construction of 
the uniflow engine, the latest development of the re- 
ciprocating steam engine, may be of interest. 


History. 

The uniflow engine was invented in this country 
in 1885 by T. J. Todd. Quoting from the specification, 
the object of the invention was “to produce a double- 
acting steam engine which shall work more efficiently, 
which shall produce and maintain within itself an im- 
proved graduation of temperature extending from each 
of its two hot inlets to its common central cold out- 
let, which shall cause less condensation of the enter- 
ing steam, and which shall work with greater economy 
than has hitherto been the case.” The invention is 
described as follows: “In the first place I take a dou- 
ble-acting steam engine cylinder of that type which 
has one or more outlet openings placed at or near its 
longitudinal center, and which has also a piston so 
proportioned in length and which piston is also fitted 
in some cases with self-contained internal escape ports, 
‘and which piston is so worked, that it, by and of it- 
self, forms the release valve, for releasing the waste 
steam through the central escape outlet or outlets 
near the end of each single stroke, and which piston 
also closes the central escape outlet or outlets at all 
other parts of each single stroke. In such double- 
acting steam engine cylinders it is, therefore, the pis- 
ton itself which forms the escape valve and which re- 
leases the waste steam automatically near the end of 
each single stroke, and as, in this class of double-act- 
ing steam engine cylinders, the waste steam can only 
be released near the termination of each single stroke, 
I will herein afterwards, in order to avoid repetition, 
call and designate such double-actng steam engine 
cylinders ‘terminal exhaust cylinders.’ ” 


The inventor’s description will be easily under- 
stood by reference to Fig. 1, which shows the latest 
development of the invention. Although the inventor 
seems to have understood the advantages of the ar- 
rangement, they were not generally recognized at the 
time, and the invention remained undeveloped until 
1908 when Dr. Stumpf, of Charlottenberg University, 
took it in hand and devised a valve gear specially 
suited to the idiosyncrasies of the engine. Manufac- 
ture was commenced at once by the Ersten Brunner 
Maschinenfabrik, of Brunn, and their example was 
soon followed by other continental, and by several 
English, firms. 


Before the outbreak of the war, several hundred 
engines had been built and set to work for driving 
generators, fans and mills; for winding, for propell- 
ing ships and locomotives, one of the last-mentioned 


Paper read before the Institution. of Mechanical Engineers, 
England, 
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having been fitted to a goods locomotive on the North 
Eastern Railway in England in 1913. The largest 
engine built up to 1914 was a mill engine for a normal 
load of 4,000 hp, a maximum continuous load of 6,000 
hp, and an emergency load of.8,000 hp. This engine 
had a single cylinder 1,700 mm. diameter, 1,400 mm. 
stroke, and ran at a speed of 120 rpm. 


Principle and Special Features. 


The principle, as its name implies, is “one flow” for 
the steam, that is, from the hot inlet, ends to the cool 
exhaust center. The principal difference between the 
uniflow and the ordinary steam: engine cylinder is in 
the position of the exhaust ports, the length of the 
piston, and its use as an exhaust valve and resulting 
compression. 


The length of the exhaust ports is usually 10 per 
cent and the length of the piston 90 per cent of the 
stroke. The clearance volume, owing to the absence 
of exhaust valves and chambers to contain them, can 
easily be reduced to about two per cent of the piston’s 
displacement. The compression ratio is, therefore, 
about 1.46. Under these conditions a good vaccum is 
necessary to prevent an excessive rise in the com- 
pression pressure. To obtain this, the condenser is 
usually placed immediately below the cylinder, and 
the exhaust ports practically unlimited in area by 
structural considerations, are made large enough to 
offer only a negligible resistance to the passage of the 
steam. Relief valves are provided in case the compres- 
sion pressure should increase excessively through 
leakage past the admission valves or a fall in the 
vacuum. In some cases a feed-water heater is inter- 
posed between the cylinder and the condenser. 


In cases where it is necessary to change over from 


‘condensing to non-condensing, it has been usual to 


provide an additional clearance space in each cylinder- 
cover communicating with the cylinder through a 


, valve which is closed when working condensing. This 


provision, however, is only suitable for temporary non- 
condensing, working as the enlarged clearance space 
and surface are inimical to economy. The best uni- 
flow engines are not fitted with an arrangement by 
which they can work economically, non-condensing, as 
the same small clearance space and surface its main- 
tained, whether working condensing or non-condens- 
ing. In locomotive engines of the uniflow type special 
pistons have been used to give sufficient clearance 
space. . 


Another peculiarity of the uniflow engine is the 
early cut-off required to obtain a high ratio of expan- 
sion in a single cylinder. With 170 lb. pressure, eight 
per cent to 10 per cent cut-off is required for full load. 
For cutting off so early a trip-gear is unsuitable, and 
a powerful and highly sensitive governor is necessary 
to control the positive valve-gear needed. The early 
cut-off in a cylinder large enough to give the required 
ratio of expansion implies a high initial load upon the 
piston, and consequently heavy working parts. The 


606 


weight of these parts, however, is not without advan- 
tage, inasmuch as their inertia reduces the stresses 
on them and tends to equalize the turning effort 
throughout the revolution. 


Advantages of the Uniflow Engine. 


1. Economy.—The results of tests for steam con- 
sumption show that, with 180 lb. boiler pressure and 
200 degrees F. superheat, consumptions of 10.5 Ib. and 
10 lb. per indicated horespower hour can be obtained 
at full load from engines developing 500 ihp and 1,500 
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ihp respectively. These low rates of consumption are 
due mainly to reduction of cylinder condensation re- 
sulting from the high temperature of the cylinder-ends, 
the position of the exhaust ports, the reduction of 
clearance surface and volume, and the high compres- 
sion. The temperature of the cylinder metal varies 


from point to point along the bore, from the hot end 
where steam is admitted to the cooler middle where 
the exhaust ports are-located, comparably with the 
temperature of the steam during admission and ex- 
the temperature gradient 


Indeed, . 


pansion. in the 
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Fig.2. MULTI- CYLINDER 
COMPCUND ENGINE 
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FLOOR SPACE OCCUPIED 


AIR-PUMP ON UNIFLOW PRINCIPLE,DRIVEN THROUGH ROCKING SHAFT FROM A SMALL, 
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metal might be represented roughly by the admission 
and expansion lines on the indicator diagram. 


Readings taken from a cylinder close to the in- 
side surfaces of the cover and barrel have given the 
following temperatures: Cover, 400 degrees F; barrel 
half-way between cover and exhaust ports, 250 degrees 
F.; at middle near exhaust ports, 160 degrees F. So 
marked is this temperature gradient that, to prevent 
trouble in working, it is necessary to bore “uniflow”’ 
cylinders barrel shaped when cold, that is, larger in 
diameter at the middle than at the ends. The barrel 
temperatures vary very little when .working either 
with saturated or superheated steam, due to the early 
cut-off, thus making this type of engine particularly 
suitable for superheated steam. 
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The high diagram factor obtained by the suppres- 
sion of the losses which occur between the cylinders 
and in. the receivers.of multi-cylinder compound en- 
gines contributes to economy, Figs. 2 and 3, also the 
compressed steam at upproximately admission pres- 
sure, and the cylinder-ends which are kept hot by live 
steam flowing through the cylinder covers. 

‘*2.- Flexibility—The steam consumption per brake 
horsepower hour at full load is low, owing to the small 
number of glands and working parts absorbing power 
in overcoming friction, nor does it increase appreciably 
with reduction or increase of load. At three-quarter 
load, it is practically the same as at full load; at half- 
load and at 25 per cent overload it increases by about 
five per cent of the full load consumption. 

3. Speed Control—It is claimed that the uniflow 
engine is specially adapted to give steady turning un- 
der either uniform or fluctuating loads, first because 
the indicator diagrams when corrected by the forces 
required to accelerate and retard the heavy recipro- 
cating parts show a fairly uniform effective pressure 
on the crank-pin, and, secondly, because the whole of 
the power is developed in one cylinder, so that any 
change in the position of the governor produces its 
full effect in a single stroke. 

4. Upkeep—Compared with a multi-cylinder 
compound engine, which is its nearest equivalent for 
economy, the cost of upkeep, oil and stores will be 
greatly reduced owing to the extreme simplicity of 
this engine and the small number of working parts. 


5. Floor Space and Foundations.—As will be seen 
from Figs. 4 and 5 (annexed), which represent the 
cylinders of two engines of equal power drawn to the 
same scale, the floor space occupied by the uniflow 
engine is less than that required by the tandem (or 
any other multi-cylinder) horizontal compound en- 
gine. The foundations will also be smaller and less 
costly than for a compound engine. 

Details of Design. 

Having dealt thus briefly with the history, special 
features, and advantages of uniflow engines in general, 
the author would add a short description of two of 
these engines. The first was built by Messrs. Robey 
& Co., Limited.’ It 1s of 1,100 ihp, and drives a gen- 
erator at a speed of 120 rpm., with an overload of 25 
per cent for two hours, and of 50 per cent for a few 
minutes. The steam pressure is 200 lb. per square 
inch, and the superheat 200 degrees F. 


The cylinder, 35 in. diameter by 40 in. stroke, con- 
sists, as shown in Fig. 1, on page 163, of a barrell, a 
plain casting, carrying only the exhaust belt and two 
small brackets for bolting to the baseplates, and of 
two end-covers containing the steam valves. These 
last are double beat of large diameter, and small lift, 
the upper part being movable relatively to the lower. 
so that the distance between the two valve faces can 
always adjust itself to the distance between the faces 
of the seats when the latter varies under changes of 
temperature. The course of the steam through the 
covers, steam valves, cylinder, and exhaust valves is 
indicated clearly by the arrow on the figure. 

In the bottom of the cover is a small passage lead- 
ing to a relief and drain valve, and in the latest en- 
gines to a small valve. which opens automatically 
when working non-condensing to by-pass steam to the 
exhaust and keep the compression at a pre-determined 
limit. The piston is made in two parts as light as pos- 
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sible., It carries four packing rings, two at each end, 
and, owing to its great length, requires no tail rod. 
The admission valves are raised by cams and rollers 
operated from eccentrics on a valve shaft. This shaft 
also carries a powerful combined centrifugal and in- 
ertia governor which, by suitable mechanism, turns 
the eccentrics through small angles and thus regulates 
the point of cut-off. The bed is of massive construc- 
tion, carrying double bearings of the four-part type 
with circular back wedges, so that it is impossible to 
nip one end of the bearing on the shaft. It is attached 
to the cylinder-cover by eight large studs carried by 
bosses on the cover in order to make the surface of 
metallic contact as small as possible, and thus reduce 
transmission of heat from the cylinder to the bed. 
Forced lubrication is provided throughout by a rotary 
pump which can be operated by hand before starting 
the engine. A small hand-wheel is provided at the 
end of the valve shaft. This permits the engine speed 
to be varied five per cent up or down while running. 


The condenser is usually placed immediately under 
the cylinder, and the air pump, Fig. 6, also on the uni- 
flow principle, is driven through a rocking-shaft from 
a small crank at the idle end of the crankshaft. On 
the engine illustrated an oil-extractor is placed be- 
tween the cylinder and condenser to prevent oil reach- 
ing the cooling tower. The condensate enters the 
pump through slots in the center of the barrel when 
these are uncovered by the piston at the end of its 
stroke, and is forced out through delivery valves on 
the ends of the barrel. These are the only valves 
employed, and can be easily and quickly changed 
when required. 

The engine just described, like most uniflow en- 
gines, runs at a fairly fast and constant speed of 
revolution, but there are cases in which slow and very 
variable speeds are needed. In such cases the engines 
are often of large size, and the designs for the cylin- 
ders, heavy pistons, valve-gears and governors re- 
quire very careful consideration and modification. 


An engine recently built by Messrs. Galloway, 
Ltd., of Manchester, for driving sheet mills at a steel 
works in South Wales, is a case in point. This en- 
gine is believed to be the largest uniflow engine in 
the world. It is coupled directly to the mills and 
runs at 28 rpm. The steam pressure is 150 Ib. to 
180 Ib. per square inch, and the superheat 150 degrees 
Fahr. : 


The cylinder in this case is 60 in. diameter with 
6 ft. stroke. It consists of a middle piece containing 
the exhaust ports and passage, two short tubes form- 
ing the cylinder-barrel and two ends containing the 
steam admission valves. The two barrel-pieces are 
connected to each other by bolts passing through 
the exhaust belt and relieving the latter from longi- 
tudinal stress. An inspection door is provided to give 
access to the cylinder without removing the cylinder- 
end or piston. | | 


A safety valve, actuated by a cam-gear, is fitted 
to each end of the cylinder to control the compression 
pressure by opening automatically whenever the vac- 
uum falls. When starting the engine, the valve is 
open and operates till it closes automatically when 
the vacuum is formed. The piston is fitted with four 
rings like that already described, and is provided with 
a number of slippers flexibly supported and capable 
of independent radial movement to meet changes in 
the cylinder diameter due to change of temperature. 
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The internal faces of the covers and the piston faces 
are polished to reduce condensation losses. The ad- 
mission valves are of cast iron, double beat, so con- 


structed as to remain tight under all temperatures. | 


Each valve is driven by an eccentric carried on a valve 
shaft, the cut-off being determined by the position of 
a sliding block in a vibrating link. 


A centrifugal governor, acting through a floating © 


lever device, and controlling the small balanced piston- 
valve of an oil-pressure servo-motor cylinder, de- 
termines the position of the block. 


The piston-rod cross-head is of mild steel. with 


shoes lined with white metal and phosphor-bronze | 
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steps, the housing for these being cut out of the solid. 
The connecting rod is. forked at the cross-head end, 
but solid at the big end with phosphor-bronze steps 
adjustable by a wedge. The crank is overhung. The 
flywheel, carried between the crankshaft bearings, is 
32 ft. diameter and weighs 160 tons. The main bear- 
ings and the crankpin are lubricated with stiff grease 
instead of oil, at the request of the owners of the 
engine. 3 | 

In conclusion, the author ventures to express the 


hope that his paper may have helped to convince the 


members of the simplicity, economy, and advantages 
of the uniflow engine. 


Specifications For A Rolling Mill 


Is It to Be for Profit or Production? 


Cases Where Short 


Sighted Reasoning Is Used in Selecting the Type Mill to Be 
Installed, and Consideration Is Not Given to all Factors Involved. 
_ By W. H. MELANEY. 


struction, it is very much a question whether we do not 

sometimes let our desire to be right up to the minute, 
bias our judgment as to that which is best suited to 
properly fill the requirements of the proposition we have 
in mind. 

If we had a small cellar to excavate, we would not 
think of purchasing a steam shovel to do the work, 
although it could be done in a much shorter time than 
would be possible with pick and shovel and a team. But 
the small amount of work to be done would not justify 
the outlay required to purchase this modern tool. 

Yet this would be no more foolish than some of the 
things that are done in many instances, where orders for 
new equipment ina rolling mill are being placed. A firm 
for instance decides that it will be to their advantage to 
put in a new roll train for rolling bars, either to increase 
their production or perhaps to make for themselves some 
particular stock which they have heretofore purchased in 
the market. They assume that as they are going to spend 
their money on new equipment they want something 
modern and up-to-date, and not a mill such as some of 
their competitors are operating. | 

So they immediately get in touch with the builders of 
rolling mill machinery and ask them to quote on a modern 
mill for rolling such sizes and shapes as they require. 


The builder, with this limited knowledge of their 
requirements, proceeds to show them designs of the most 
modern equipment he has built for this purpose and 
gives them data as to the amount of output, weight of 
train, power to drive, approximate cost, etc., and it 
usually happens that the cost is several times what the 
would-be purchaser had in mind when he asked for this 
information. However as he had already decided that 
he would build a modern mill while he was about it, he 
swallows his disappointment and decides that as he can 
roll a ton of material so much cheaper on the modern 
mill than on the old fashioned type that perhaps the out- 
lay will be justified after all. : . 


ie THESE days of progress in mill design and con- 


Without analyzing all of the conditions that go to 
make up the cost of the finished product he places the 
order for the new equipment, and perhaps later on is 


Google 


horrified to find his finished stock costing him more a 
ton than he could purchase it for in the open market. 


Short-Sighted. Reasoning. 

This is because he failed to take into consideration all 
the elements that go to make up his cost per ton. A 
modern mill of course will produce several times the ton- 
nage in the same time as its older predecessor but it also 
costs several times as much money to build and this first 
cost always remains as a fixed overhead operating against 
the cost of production of the mill and goes on and on 
whether the mill is operating or standing xile. 

This mill due to its design for producing greater ton- 
nage, is more or less a special mill and requires more 
time to change from one size to another, as usually 
several stands of rolls must be changed in order to pro- 
duce the desired bar. ‘The result is that for every minute 
the mill is down your tonnage is being reduced propor- 
tionately, while the overhead is still plugging along at its 
usual gate. This means that to keep your production 
costs down to the proper figure, it is necessary to have 
on order a large tonnage of some particular size of bar 
before it would pay to start the mill on that order. A 
continuous run is necessary to get large output and conse- 
quent lower cost of production yet this happens only just 
as long as this condition can be complied with. 


Adverse Conditions. 


But whenever adverse conditions happen, such as lack 
of orders or not having sufficient tonnage of any one 
size to give the mill a fairly continuous run without stop- 
ping to change rolls, your tonnage cost quickly begins to 
mount until you have a fair sized deficit instead of a 
profit to show for your run and you begin to lose your 
faith in the efficacy of a modern mill. This is no fault 
of modern mill design but is the inevitable result of lack 
of forethought in selecting the proper mill to suit your 
conditions. 


Modern Mills. | 


A modern mill under proper conditions, and this 
means big tonnage, long lengths, and standard sizes, is a 
great money maker and justifies the large expenditure 
of money necessary for its construction but was never 
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intended by its designer to be used to produce small 
orders or unlimited sizes nor where frequent changes of 
rolls in a days work is required. 


Where such conditions as noted above prevail the old 
type mill such as an ordinary bar or guide mill costing 
only a fraction of the amount a continuous or semi-con- 
tinuous mill would cost and capable of turning out only 
a fraction of the output of these modern mills, would be 
the more profitable mill to install, because it would still 
have sufficient capacity to take care of the output required. 
The overhead charge, while costing more per ton of 
output capacity would still be much less than this same 
small tonnage would cost if made on the more costly 
modern equipment. 


_ Furthermore, when the old type mill is down for any 
reason such as lack of orders or changing of rolls the 
overhead cost of such shutdown would be much less in 
comparison. 


It would seem ridiculous to install a mill with an out- 
put of 250,000 pounds a turn on small sizes if the total 
of your orders or requirements is only 100,000 pounds 
per turn as the higher first cost and consequently higher 
fixed overhead would be prohibitive. 


Costly Labor-Saving Machinery. 


Another feature usually overlooked is that labor saving 
machinery is not always desirable or profitable from an 
investment point of view. If the first cost of the equip- 
ment necessary to be installed in order to cut down the 
number of employes required to do a certain amount of 
work plus the cost of upkeep, would increase your fixed 
overhead charge more per ton on your required produc- 
tion than the cost of hand labor per ton on this same 
ee then it is obvious that hand labor should be 
used. 


The only excuse that could be offered for the installa- 
tion of the costly labor saving appliances under such con- 
ditions would be inability to get sufficient hand labor to 
do the work. Yet many installations have been made 
under the guise of progress that have never returned in 
profits the amount of the interest on the investment 
much less the cost of the upkeep. This of course is 
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generally due to the fact that the limited tonnage required 
never had justified the expenditure of the money neces- 
sary to cover the first cost of the installation. 


Hand Labor. 


The human machine, no matter how cold blooded this 
statement may sound, requires no upkeep so far as the 
employer is concerned. When men fail to be efficient 
they are replaced by younger, more efficient men, with- 
out extra cost to the manufacturer. There 1s no over- 
head to take care of except their daily wage. You are 
still getting all the output you require or can make use 
of and when the roll train is idle for a few days the 
daily wage ceases to be an overhead charge. 


Therefore if the required output of any installation is 
so small that hand labor will easily produce it within the 
specified time, then it is ridiculous to install costly 
machinery with its rapid and expensive depreciation to 
do this work simply because it can be done quicker, when 
you have no way to utilize the time saved. You only need 
so much tonnage and therefore the time saved is wasted 
but your overhead charges such as interest on invest- 
ment, and upkeep stil] go on. 


Old Type Mill. | 

For instance a bar mill that would roll all the tonnage 
required in a given time when hand operated by means 
of the old-fashioned hooks instead of the expensive driven 
and tilting roller tables and served by the old hand 
charged heating furnace instead of the costly modern con- 
tinuous furnace, will produce a limited tonnage at a much 
less cost per ton than this same small tonnage could be 
produced on the more modern equipment. 


This is the reason why in times when keen competi- 


tion exists due to scarcity of orders and lack of demand 
_for any particular product, that many of the old so-called 
obsolete mills are able to make a little money for their 


owners when the bang up modern mill is eating its head 
off in idleness. It therefore behooves the purchaser to 
know the condition under which he must operate betore 
he can select the type of mill that will best fill his require- 
ments. ; 


Manufacturing Steel and Iron Tubes 


Youngstown Sheet and Tube Company’s Method of Manutactur- 
ing Pipe Processes Used in Forming and Welding Steel Tubes— 
Process of Threading, Testing and Finishing. 

By H. C. EBRIGHT. 


IPE in various forms and sizes being so important 
P among the products of the Youngstown Sheet & 

Tube Co., and the processes used in its manufac- 
ture being’ so varied and complicated, three separate 
articles in this series will be devoted to this subject. 
The first will contain a brief description of the form- 
ing and welding of lap-weld and butt-weld tubes. 


Tubes, or pipe, as they are commonly known in 
this country, were made as far back as 1790, when 
lead was used for this purpose. This material lacked 
strength and physical properties necessary for struc- 
tural, conductive and mechanical purposes. however, 
and efforts were soon made to produce pipe from 
stronger materials, such as brass and iron, It will 


Google 


be seen that the entire history of iron and steel tubes 
does not date back much farther than 100 years.: The 
earliest tubes were made for gun barrels by taking a 
strip of wrought iron and bending it so that the edges 
over-lapped, and then welding these edges by hammer- 
ing with or without swages. It was not until the 
year 1815 that the first tubes were made for gas pur- 
poses, and these were no longer than six feet. .. 


Looking back into the early history of the tube in- 
dustry, we find that the most simple and obvious 
methods of manufacture were used. What we now 
call “lap-weld” tubes were made by taking a flat strip 
of steel of suitable thickness and width and bending 
this into a tube shape until its edges were either 
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soldered or welded together. In 1812 the first patents 
were granted covering machinery and apparatus for 
carrying out this process. 


Butt-weld tubes were first made by James Russell 
in 1824. He bent the iron skelp into cylindrical form 
until the edges butted together, and then welded these 
edges with a power hammer fitted with dies. The first 
attempt to carry out the modern process of making 
butt-weld pipe was made by Cornelius Whitehouse in 
1825, when he used a chain bench placed in front of a 
furnace and arranged to pull the heated pipe through 
a die or bell by chain and tongs actuated by power. 
This, with modifications and improvements, is the 
same process used today. 


Wrought iron made by the puddling process, was 
at one time the only available material for the manu- 
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Fig. 1—Welding pipe by the lap weld process. 


facture of pipe, but during the last thirty years this 
has been largely superseded by a purer grade of iron 
not only on the care used in its manufacture, but upon 
the quality of the steel. 

All pipe made by this company is either lap-weld 
or butt-weld, and is manufactured by bending skelp 
and welding the edges together, either overlapping or 
edge to edge. 


Our mills produce pipe in all standard sizes from 
one-eighth inch to twenty inches in diameter. By 
skelp is meant a flat sheet or plate used in making 
pipe by either of the above prosesses. Still another 
process for making tubes is by forming or drawing 
them from solid billets. The product is known as 
seamless tubing. The Youngstown Sheet & Tube Co. has 
six lap-weld furnaces, of which three can be heated either 
with coke or producer gas, while in the other three coke 
gas only is used. It has also five butt-weld furnaces in 
which either coke or producer gas can be used. These 
furnaces are all of the regenerative type. 


The size of pipe is usualiy determined by its in- 
side diameter up to and including the 12-inch size, and 
all larger is rated according to its outside diameter. 
Lap-weld pipe is made on our mills from two inches 
to 20 inches inclusive, from skelp 734 inches to 6414 
inches in width. 


One of the most important features in the manu- 
facture of pipe is the use of skelp uniform in width 
and gauge, together with steel of proper analysis. On 
account of the larger production of our furnaces and 
the many different products made in our works, we 
have the opportunity to select the grade of steel es- 
sential for making the best quality of pipe, an ad- 
vantage which is not enjoyed by all manufacturers of 
tubes in this country. 
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The Lap-Weld Process. 


In making lap-weld pipe the skelp is first rolled to 
the necessary length, width and gauge for the sizes 
to be made, and the subsequent process consists of 
two operations, bending or drawing, and welding. The 
skelp is first heated to a cherry red in the bending fur- 
nace and then put through a pair of scarfing rolls 
which bevel the edges so that when overlapped and 
welded the seam will be beat and smooth, with prac- 
tically the same thickness as the remainder of the 
pipe wall. After this is done the skelp is drawn 
through a bending die where it is given roughly the 
cylindrical shape of a pipe with the edges overlapping. 
but not welded. This formed skelp is then rolled into 
a motor-driven buggy and hauled to another furnace, 
where it is recharged and heated evenly to a welding 
temperature of about 2,600 degrees F. Next it is 
pushed into rolls located at an opening in front of the 
furnace which draw it through and completes the weld- 
ing operation. These rolls are two in number, and 
have semi-circular surfaces which together form a 
complete circle. Between these rolls a cast ball or 
mandrill of approximately the same diameter as the in- 
ternal diameter of the pipe to be made and shaped 
somewhat like a projectile, is held by a strong bar 
while the pipe passes over it and between the rolls. 
This subjects the lapped edges to a pressure between 
the rolls and the mandrill and welds them firmly to- 
gether, at the same time reducing the thickness of the 
lap to that of the remaining wall of the pipe. The 
welded tube is then carefully inspected for any flaw 
that may have occurred in the process. 


If it passes inspection, the tube while still hot is 
then put through a similar set of rolls called “chilled 
rolls,” and a mandrill held in the same position as in 
the welding rolls. This removes any inside irregular- 
ities and secures accuracy in the internal diameter. It 
is next put through another set of similar rolls called 
“size rolls’ without the mandrill, and these give an 
equal pressure on the whole circumference, thereby 
securing accuracy in the outside diameter. 


The pipe next enters a set of rolls called “cross 
rolls” which consists of two rolls set with their axes 


Fig. 2—Skelp passing through die in process of forming and 
welding butt-welded pipe. 


askew. The surface of these rolls is so curved that 
the pipe is in contact with each roll practically its full 
length, and this gives a clean surface and makes the 
pipe straight. The length of these cross rolls varies 
from four to sixteen feet, and after passing through 
them the pipe is approximately straight and uniform 
at all points. 

After this process the lengths of pipe are then 
slowly rolled up an inclined cooling arch and allowed 
to cool off slowly and uniformly, the constant turning 
keeping it straight during this process. At the end 
of this rack the pipe is put through a cold straighten- 
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ing press, after which it is again inspected and then 
passed to the threading department. 


The Butt-Weld Process. 


Butt-weld pipe is made in sizes of one-eighth inch 
to three inches inclusive, the skelp ranging in width 
from 1-2/10 inches to 1134 inches. It is essential that 
skelp for butt-weld pipe be rolled true to length, width 
and gauge for the size of pipe to be made. The edges 
are square, or, in some cases, slightly beveled so that 
the .side of the skelp to form the interior wall of the 
pipe is not quite as wide as the side which is to form 
the exterior. The butt-end process is somewhat sim- 
pler than the lap-weld, since the latter has two opera- 
tions, while the former has only one, both forming and 
welding of the skelp being done at the same time. 
Skelp for butt-weld pipe is not square at the end, but 
has the corners clipped. off so that when it starts 
through the bell it will curve in the form of a cylin- 
der. The skelp is charged into the furnaces by mag- 
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Fig. 3—Where couplings are made for “Youngstown” pipe. 


netic rolls, and after it is heated to a welding tem- 
perature the ends are seized by tongs in the hands of 
the welder, who then drops over the handles of these 
tongs a bell-shaped die. He then drops over the 
handles of the tongs on an endless chain which grasps 
them and pull tongs, skelp and bell out of the fur- 
nace together. The bell is caught and held just out- 
side of the furnace and the skelp forced through, form- 
ing it into a pipe, and weldingthe edges firmly to- 
gether. 

The pipe is carried along the endless chain to a 
pair of rolls called “size rolls,” the tongs being auto- 
matically released in the meantime. ‘These size rolls 
give the pipe the external size desired. From these 
rolls the pipe passes to a cooling bed on which the 
pieces, about 20 feet in length, are slowly rolled until 
cool. After inspection the pipe is sent to the galvaniz- 
ing or threading department for further finishing. 


In making extra heavy butt-weld pipe, on account 
of the thickness of the skelp it is necessary to draw 
the pipe through several dies, each of which is silghtly 
smaller than the last, and this pipe must be reheated 
between each draw until the same is thoroughly 
welded. 


The next process is inspection, and in this the pipe 
is inspected for any defects which may have occurred 
in the welding process. If any such defects are found 
it is rejected. Pipe that has passed inspection is then 
sent to the threading machines to be either cut with 
plain ends or fitted with “V” threads. 


The term “plain end’ may describe either pipe 
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with ends cut square, which is used for patented sleeve 
joints, such as the “Dayton” or “Dresser” couplings. 
or pipe in which the end of the walls is beveled to 
various degrees for welding by the oxygen-acteylene 
or electric welding process for forming the joints. A 
more general definition would be pipe which has been 
finished but not threaded. 


Threaded pipe is furnished with various threads 
distinguished from one another by the number of 
“V” threads per inch, the taper per inch and other dit- 
ferences, depending on the class of material and the 
purposes for which it is to be used. 


For gas, steam and water pipe the standard for 
screw threads is the “Briggs” standard, adopted as 
the United States standard October 27, 1886. All 
such pipe has taper threads. The inclination of these, 
established by the Briggs standard, is 1 in 32 to the 
axis, Or, as it is commonly stated, 3% of an inch taper 
per foot’on the diameter. 


The total length of, thread is made up of three 
parts. The first part consists of “perfect” threads, 
the second of “partially perfect” threads and the third 
of “imperfect” threads. The perfect threads are those 
that have perfect tops and bottoms and are tapered 
the entire length, in other words, threads of full size 
and shape. ‘The partially perfect threads have perfect 
bottoms but are not perfect on their tops. The im- 
perfect threads are not perfect either at top or bottom. 
The variation of these threads is, of course, due to 
the taper, those at the end of the pipe being of full 
depth and “perfect,” while those farthest from the 
end are of partial depth, and, therefore, not complete 
at either top or bottom. The imperfect threads are 
not essential to the forming of a good joint, and 
are only incidental to the present method of cutting 
threads by means of a die. Ordinarily, there are 
three imperfect threads; in some cases four occur. 
The number of imperfect threads depends on the 
angle at which the “lead” of the die has been ground. 


In addition to those above described, various other 
threads and tapers are employed in the manufacture 
of pipe, for which standards have not yet been 
adopted in the United States. All manufacturers, 
however, use the standards above described, so far 
as these types of threads and taper are concerned. 
The exterior surfaces of the threads have an angle of 
60 degrees, but the threads are slightly rounded at 
both top and bottom, and it follows that the height 
or depth of the thread is not exactly equal to the 
pitch, but only four-fifths thereof. 


Threading is one of the most important features 
in the manufacture of pipe, since upon it depends not 
only the strength and tightness of the joints, but also 
the ease and rapidity with which the pipe may be 
installed. To secure such a joint it is very essential © 
that the pipe be made to the proper size and that the 
threads be clean and smoothly cut. For this work 
the selection of dies and their proper care is very 


important. Good threads can only be produced with 
good dies. The die consists of a frame or holder and 
a set of “chasers” that have the proper “lip,” “chip 
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space,” “clearance” and “lead.” The chasers are the 
cutting tools which actually form the thread. 


“Lip” is the inclination of the cutting edge of the - 
chaser to the surface of the pipe. The proper lip 
causes the chips to curl off clean and leave a smooth 
thread. 
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“Chip space” is the space required in the holder 
in front of the chaser to provide room for the accumu- 
lation of chips during the cutting of the thread. 

“Clearance” is the room between the threads of 
the chasers and the threads of the pipe. 

“Lead” is the angle which is machined or ground 
on the front of each chaser to enable the die to start 
on the pipe. 

To produce the best results the die must have a 
suitable number of chasers. This number depends 
upon its size. 

The dies are, of course, mounted in _ properly 
arranged machines driven by power. 

In addition to the equipment described above it is 
necessary to use a good lubricating oil during the 
threading operation. ‘This oil is kept flowing over 
the die and pipe. Without proper oil a good die will 
not cut a good thread. . 

After the pipe has been threaded it is again care- 
fully inspected. for the purpose of detecting any bad 
threads. 
are next put on by hand, being turned on the proper 
distance in this way, and then screwed up to the 
allowance by machines called “socket screwing ma- 
chines.” Both pipe and couplings are then again 
inspected for any defects possibly overlooked in the 
previous inspections, and if they pass this final examt- 
nation they are sent to the testing department. Here 
both are given the final test by being subjected for a 
short interval to an internal hydrostatic pressure. 
This pressure is secured by placing the pipe between 
two water tight heads, one of which is adjustable to 
suit the various lengths, and is connected with a 
hydraulic pipe line. The test pressures applied to 
each length vary from 400 to 2,500 pounds, according 
to the size and kind of pipe. Any bad welds or holes 
in the pipe will show up immediately under the pres- 
sure used. 

If the pipe stands this hydrostatic test, it 1s next 
bundled and tagged, or, in the case of 2-inch and 
larger, is stenciled with marks showing the kind, 
length and weight. It is now ready for shipment as 
black pipe. 


General Notes on Finished Pipe. 

All weights are figured on the basis of each cubic 
inch of steel weighing .2833 pounds, and iron weigh- 
ing 2 per cent less. All pipe, except that heavier than 
standard weight, is generally classified in regard to 


If none of these are found, the couplings. 


November, 1920 


size by its normal inside diameter in all sizes from 
¥g-inch to 12-inch inclusive. Sizes larger than these . 
are generally classified by the outside diameter. From 
this fact come the symbols O.D. and I.D., meamng 
outside diameter, and inside diameter. In pipe, cas- 
ing, tubing, etc., heavier than standard weight, the 
extra thickness of the walls reduces the ‘inside 
diameter, which is relatively somewhat smaller in 
standard sizes of this pipe than it is in the same sizes 
of standard weight pipe. 


All pipe is cut to random length except on special 
orders. On such orders the variations in length must 
not exceed one-eighth of an inch over or under, un- 
less otherwise arranged. The permissible allowance 
in weight is 5 per cent above and 5 per cent below 
for standard weight pipe. For extra strong, or extra 
heavy pipe the allowance is greater. 


The kinds and sizes of pipe at present regularly 
manufactured at Youngstown Sheet and Tube, are as 
follows: 


Steam pipe 14” to 16” (O.D.) 


Line pipe 43” to 20" (O.D) 
Drive pipe 2” to 20” (O.D.) 
Tube 2” to 4”. 


Casing 234” to 151%”. 

California casing 434” to 1514”. 
Youngstown casing 24,” to 15%”. 
Drill pipe 214" to 6”. 

California tubing 2” to 3”. 

Extra strong pipe 1%” to 15”. 
Double extra strong pipe 14” to 8”. 


In addition to these, however, they make a great 
many kinds of special pipe, such as signal pipe, dry 
kiln pipe, plugged and reamed pipe, and others. They 
also manufacture English tubes for steam, gas and 
water lines. The English tube is slightly different 
in the thickness of its walls, and therefore there is 
inside diameters of this pipe and those of the same 
sizes in American pipe. 


There is also a difference in the shape of the “V” 
threads, and a different number of threads per inch 
are cut on the respective sizes. The English type of 
thread 1s known as the “Whitworth.” The angle cf 
this thread is 55 degrees and its depth is 64/100 of 
the ae Up to the present they have manufactured 
English steam, gas and water tubes in standard sizes 
from 1% inch to 6 inch inclusive. Tubes for Argentina 
and South America are furnished with English 
threads, but are somewhat lighter in weight than the 
standard English tubes. 


Design of Ports for Open Hearth Furnaces 


Two Types of Circular Water Cooled Ports of Simple Construc- 
tion Having Many Advantages Over Old Designs Now Success- 
fully Used by Lackawanna Steel Company for Over Two Years. 


By HERBERT F. MILLER, JR. 
Lackawanna Steel Company. 


PEN hearth furnace men have looked for the 
O development of a port for open hearth furnaces 

that use. producer gas for fuel which would sur- 
pass the older types of dry and water ports in ease of 
upkeep and im speed of production. They have wished 
for a‘port that would throw the flame so as to make it 
easy on the brickwork and at the same time would 
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act constantly toward keeping a low bottom in the 
hearth. They wished for a furnace that would have 
a flame which worked on the charge from the time it. 
entered the hearth until it went out as a waste gas, 
and to have a flame that would come into the hearth 
pot and go out relatively cool so that it is easy on the 
brickwork of the end-walls also. . 
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All furnace men have long desired a port that 
would do away with the exhausting and often fruit- 
less labor of keeping both dry and water ports in the 
shape of their original lines. Therefore, two types of 
ports having these qualities have been developed and 
patented by George [. Downs and Herbert F. Miller, 
Jr., of the Lackawanna Steel Company. 


One of the two types of ports is designed to be 
suspended independently of the brickwork by means 
of water cooled pipes. The other type is built in the 
brickwork and thus gets its support. Other than 
these differing means of support, the ports are identi- 
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melting one and this over an area of many square 
feet. In other words, the location of the gas port in- 
sures the gas being surrounded by air as it leaves the 
air port so that the bottom of the flame will be as hot 
next to the bath where the heat is needed as the top 
of the flame in the older types of ports. 


The changing of the usual freezing zone under the 
gas flame into a melting zone accounts for the ability 
of the furnace to constantly keep a low bottom in 
spite of large limestone charges, lumpy slags, or other 
adverse conditions. 


Then, too, the character of the flame is changed by 


cal. The original ports with over two years success- this type of port. Usually the flame hits the stock 
4 under pressure and splits on it going against 
YY ddd the side walls and roof and causing rapid 
SSS ee ee ee wear. Here, however, the flame comes 
WDM against the stock just as rapidly but comes 
Die more as a pull from the stack. This causes 
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ful service behind them look good for many more 
years. The port is a hollow, water cooled flue, tubular 
in shape. It is less than 40 per cent of the weight and 
surface of other water cooled ports. 


In the construction the port extends from the gas 
uptake into the air port, but not entirely across the 
air uptakes. This permits the rising current of pre- 
heated air to forcibly impinge the stream ‘of gas as it 
issues from the port. By this action the combustion 
starts immediately and rapidly, so that by the time 
the gas reaches the bath, the flame is in shape to melt 
the scrap. In the older types of water cooled and dry 
ports the effect of the lower part of the stream of gas 
as it enters the hearth is a cooling one instead of a 


viatizes by (GOORle 


re a 
a. 8 peti 
ree Ca ms 


~ 
N: 7S 


» 4 

Ere) A 

aot at . 3 Fe oye 
¢. 4, ee eS 


» PPTL ee ta ty pee LZ yy 
y MANNA 7 
EAM DIVO BALM IS DLO SSPMELEDS 


II Wy 


TUueEe 
TARES 


SILICA BRICK PACKING 
ae 


At wact TWEEN GAB TAL PTAREO 


sions and the exposed surface, a minimum makes its cool- 
ing effect on the incoming gas and outgoing waste gases 
negligible. This is proven by the fact that the in- 
coming flame is hotter on this type of port than that 
from a dry port. One installation in a furnace charg- 
ing 160,000 pounds of metal with a 14 per cent lime- 
stone burden has ports only 29 inches long and is 
making its heats in less than 10 hours, many of them 
going out under eight and nine hours. Installations 
in larger furnaces are giving a larger tonnage per | 
hour. A comparison of the working conditions be- 


tween this type of port and any other water cooled or —’ 


dry port is interesting. | 
Dry ports are the most difficult of all ports to 
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keep in shape. From the start the dry ports are con- 
stantly changing in shape. The slopes may either be 
built up or get big holes in them. Bricks melt and 
drop out of the port arches, plugging up the port, 
causing the flame to be deflected and burning the 
roof. The ports made of brick widen through wear 
and have to be lined up frequently.. ‘These ports de- 
velop leaks in the arches and walls. These leaks 
grow in number and size as the port gets older, mak- 
ing a hot working furnace. Labor involved in trying 
to overcome these defects is most exhausting and 
often ineffectual. Lastly, the silica running off of the 
ports makes the banks porous and thin, thus permit- 
ting breakouts. : 


Water ports in general overcome the above trou- 
bles in a degree. The import defect in water ports is 
that a deposit forms inside of the port and rapidly 
builds up. To remove the deposit long bars must be 


used and this in a white heat which causes the bars to 


bend quickly. The labor involved is most trying. 
Often it takes hours of hardest sledging to even par- 
tially remove the deposit in the port. This work has 
to be done at least every two days or the ports will 
plug up. It is difficult to get men to do exhausting 
labor constantly. 


Now, in the circular water cooled ports, there 1s 
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not much of a deposit formed due to the shortness of 
the port. What deposit formed there may be pushed 
out or blown out in less than two minutes. The dirt 
which may flux together cannot flux to the water 
cooled metallic surface on which it is deposited and 
for this reason it is easily removable. The lines of 
this port are what the. drawing calls for each and every 
day. The men who work the furnaces having thése 
ports say that they are the easiest ports to keep ‘in 
shape that they have ever worked on. . 


The circular water cooled ports are so ‘small in 
comparison with other types of ports that the-amount 
of water needed for cooling is a minimum. The small 
size of the ports also helps to keep the ports clean. 
This is because the sediment in the water does not 
have much time to settle out and because of the small 
amount of water used, not much sediment is carried 
into the port. However, the ports are equipped with 
cleanout and agitator pipes through which the dirt, if 
there is any, may be washed out while the furnace is 
in operation. 


It will be noticed that the circular ports are simpler 
in design than the older types of ports and this one 
fact serves to assure the operator of more satisfactory 


service than he has hitherto received. 


Design of Experimental Rolling Mill 


Description of Details of the Design of the Experimental Mill of 
Bureau of Rolling Mill Research—Outline of Questions That Are 
Perplexing to Rolling Mill Engineers. 


By W. B. SKINKLE, 
Director, Bureau of Rolling Mill Research. 


PART V. 


ing mill it might be well to outline briefly some of the 

many questions that are perplexing rolling mill engi- 
neers at the present time and show how methods nave 
been provided in the experimental mill to study aud per- 
haps solve these problems. 


As an example, take the problem of the power required 
to drive a rolling mill. Almost any number of examples 
could be given to show where the most careful figures of 
engineers have contained errors of from 50 to 300 per 
cent in these calculations. The large electric companies 
have a fund or experimental data taken from actual tests 
on commercial mills from which they figure the power 
requirements. These formula however do not take into 
consideration each of the many variables but insert a 
“constant” which holds over a small range of product. 


These variables might be classified as follows: 


The temperature of the steel. 

The area of steel in contact with the rolls. 
The velocity of deformation. 

The diameter of the rolls. 

. The diameter of the necks. 

So far as the writer knows the only formula which 
takes into consideration all these variables is one advanced 
by Prof. W. Trinks, head of the Department of Mechan- 
ical Engineering at the Carnegie Institute. He attacks 
the problem in the following manner: | | 


‘When stee] passes. through a set of rolls, there is an 
arc -of ‘contact between ‘steel and. rolls which exerts a 


|: concluding this description of the experimental roll- 
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large separating force P, at some lever arm, against 
which the rolls must be turned. 


The magnitude of this force depends, first, upon the 
temperature of the steel, second upon the area of the 
steel in contact with the rolls and third upon the rate of 
rolling or ‘compression velocity.” ; 


The arc of contact and area of steel in contact with 
the rolls may be determined grahically as shown in Fig. 
36 in which a square bar is put into an oval. Sections 1, 
2, 3, 4 and 5 show the changes that take place in the bar 
as it moves through the pass. They are taken from equal 
incruments of drafts as is illustrated in the side elevation. 
The projected contact area is developed from these sec- 
tions and is shown in the sectioned figure above the side 
elevation. 


The probable lever arm of this force P is taken as .7 a 


as shown in Fig. 37 where “a” is the horizontal projec- 
tion of the arc of contact. . 

Fig. 38 shows a series of “temperature-velocity”’ 
curves which were plotted from a number of tests. The 
ordinate gives the number of pounds of force “P” for 
each square inch of projected contact area between steel 
and rolls. The abscissa gives a series of “compression 


rates” and is determined from the quantity Loge 7 
where “H” is the height before entering rolls'“h” is the - 
height after leaving rolls and’ “T” is the time in’ seconds 
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required for the roll to turn through the angle of contact 
or o< on Fig. 37. 

With this information it is easy to figure the network 
required to turn one roll and then double this value for 
the net work required to roll the steel. 

For example suppose that o< = 18°, “a” = 14%,” the 


projected contact area = 2.30 square inches. Tempera-. 


ture of the steel = 2,000° F. the mill operated at 200 
rpm, “H”.= 1 1/16” and “h” = 11/16", the roll neck 


Projecled are of, 
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Fig. 37. 


diam. 7 inches. Then “T”, the time to roll through the 


arc o< or 18° = iow = 0.15 seconds. H = h 
=11/16 + 11/16 = 1.55 and log . of 1.55 is 0.4383 then 
log Ea = savin or 29.2 which may be called 30 for even 
eh 015 
T 
numbers. 


From the curve for entering temperature of 2,000° 
F. in Fig. 38 we find that the pressure between rolls and 
steel for the value 30 is considerably over the maximum 
values given. These curves however have been carried 
far enough to give the maximum pressure between rolls 
and steel, as above the maximum given, the point of liqui- 
faction of the steel is approached and this factor tends to 
reduce the pressure very greatly. 


It is therefore safe to assume the maximum of 20,000 
lbs. per square inch of projected contact area as the proper 
pressure between steel and rolls, and having 2.3 square 
inches in this area the total force ‘““P” will be 20,000 « 2.3 
= 46,000 Ibs. This force is applied with a lever arm of 
7X 1% = 1.14". 

The torque necessary to turn one roll (exclusive of 
roll neck friction) is therefore 46,000 « 1.14 = 52,500 
inch Ibs. 


The roll neck radius was assumed as 314” amd the | 


total load on both necks would be 46,000 Ibs. 


Inasmuch as the neck grease is squeezed out of the 
bearing during most of the pass, this requires the assump- 
tion that only a slightly lubricated surface of cast iron 
on bronze exists during rolling. 

The coefficient of friction in such a case would be 
about .20. Then the torque required to overcome fric- 
tion would be 46,000 k 2 X 3% = 32,000 inch lbs. or 
the total torque to be applied to each roll would be 46,000 
X 32,000 = 78,000 inch Ibs., and there being two rolls 


Google 


The Blast FarnaceStee! Plant ats 


to the mill, there must be delivered 78,000 « 2 = 156,000 
inch pounds of torque which at 200 rpm is equivalent to 
500 hp delivered to the stand of rolls while bar is passing 
through. 


The foregoing calculations would offer a method of © 
arriving at the power requirements if the various assump- 
tions could be checked against more experimental data. 


For example lever arm of the force “P” is assumed 
to be .7 a. This value could be checked very easily if 
means were at hand whereby the net work required to 
roll the steel could be separated from the total work. 


Again the coefficient of friction of .20 between slightly 
lubricated bronze and cast iron was assumed. The 
hydraulic support cylinders shown in Fig. 27 and the 
hardened steel rings of Fig. 29 offer a means of separat- 
ing the work losses and checking these values. The values 
as used were taken from a large number of tests made by 
many different men and from a number of tests made by 
Prof. Trinks personally but he is far from satished that 
they are final and will not at some later date be found to 
be in error. 


A very recent test on a large and modern electric 
driven cold mill installation which came to the author’s 
notice, showed a difference of only 25 horsepower in 
1,200 between no load and full load operating conditions. 
This means that only 2 per cent of the total power 
applied to the mill was converted into useful work and. 
that the other 98 per cent was lost in friction on the roll 
necks and in the transmission machinery. 

The possibility of saving and improving in the design 
of the roll housings themselves has already been pointed 
out and need not be repeated. 

Another large field for the experimental mill 1s the 
development of passes for continuous mills. 

One of the most difficult problems in the design of 
these mills is the determination of the “controlling diame- 
ter,” or that diameter which when multiplied by 2” times 
the area of the section, will give give the volume of the 
steel delivered per revolution of the rolls. 
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Fig. 38. 


If a bar is in several sets of rolls, placed in tandem, 
at the same time, the exact volume of steel taken into 
the first set per unit of time must be delivered from the 
last set in the same length of time. If the last set tries 
to deliver more than the first set receives the bar will | 
stretch and the passes underfill. If the last set delivers 
less than the first set received the bar will buckle, or over- 
fill the passes. Either condition causes a great deal of 
trouble. 
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The forces acting between rolls and steel, the slippage 
and the forward excrusion of metal from the rolls, form 
so complicated an action that an analytical method of 
determining the controlling diameter of the rolls is im- 
possible. 


The experimental mill offers opportunities for u great 
deal of work along these lines. At present the product of 
continuous mills is limited almost entirely to sheet par, 
merchant bar, small billets and thin flats. 


It would be a simple matter to bolt a mechanical 
device onto the delivery guide box, that would mark or 
nick the section being rolled, once for each revolution of 
the roll. After a bar 10 or 20 “revolutions long” had 
been rolled its actual length and section area could be 
measured. The accurate figuring of the ‘controlling 
diameter” of the roll would then be a very simple matter. 
Rolls for a continuous mill could first be tried out with 
the housings assembled as a hand fed bar mill as shown 
in Fig. 9. This would determine the natural flow of the 
metal in that particular pass, uninfluenced by the effects 
of other passes in the train. The rolls could then be 
given their final turning and their “controlling diameters” 
brought into proper relation to each other, as determined 
by the gears of the drive. 


In this manner the product rolled in a continuous mill 
could be greatly extended. The large number of troubles 
encountered when new sections are first tried out, together 
with the very high cost resulting from the tying up of 
a producing department have been factors which have 
hindered the development of this type of mill, in spite of 
the resulting low labor cost and very large tonnage, 
which results from their successful operation. 


A number of different lines of investigations and of 
problems in each of these lines that could be studied is 
very great. These are greatly extended by the very com- 
plete mechanical, chemical, physical testing and metallur- 
gical laboratories which are attached to the Carnegie In- 
stitute and would be thrown open for the use of the 
bureau. 


The educational possibilities which the bureau offers 
are also quite interesting. 


During the war the Carnegie Institute like many 
other colleges in the country had several thousand men 
stationed at the schools for short extensive courses to 
fit them for special mechanical duties with our army and 
navy. These courses were quite successful and many 
men were trained in the short space of six weeks to be 
quite proficient along some one of the various technical 
lines required in the service. 

The thought occurred to officials of the institute that 
if education of this character could be so successfully 
used in war it could be used with equal success in peace. 


Almost every one is familiar with the great amount 
of what might be termed “folk lore” that fills our 
mechanical processes and how hard it is to overcome 
many of these perversions or superstitions. 


How many have talked for example with heaters who 
insist on all kinds of notions regarding furnaces and the 
burning of fuel. Many of them firmly believe that the 
more air they admit the more heat and greater economy 
they secure and that this economy is secured by “burning 
the air.” The thought of excess air is not considered 
nor is the possibility of a perfect mixture of gas with the 
theoretical quantity of air. 


If a group of these men could be brought together for 
one week and given a lecture in the morning, a demonstra- 
tion in the afternoon and a general discussion of the day’s 
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work in the evening, they would return to their jobs in 
far better shape to perform their duties intelligently than 
they were before they received the instruction. The theo- 
ries of combustion and chemical union of the elements 
entering into the reactions could be illustrated with circles, 
crosses, and stars in colored chalk and made so plain 
that they would be easily grasped. 


Much of the “folk lore’ would be dispelled in this 
manner. 


Take as a second example a young helper on the rolls 
who desires to become a roller. Before he can realize his 
ambition he must know just what causes each one of the 
many troubles that are constantly occurring around a 
rolling mill. He must also know just what to do to 
remedy this trouble. The place where he gets the largest 
part of his information is in the cobble pile. The cobbles 
while giving him an excellent lead on what is happening 
in the roll pass are not true records as the metal con- 
tinues to flow very slowly from the static pressure of the 
rolls even after the rolls have been stopped. With the 
reversing motor which drives the experimental mill a 
short bar could be rolled part way through a pass and 
then returned to the roller. 


This partly rolled specimen would be a true record 
of what was happening in that pass as the rolls would 
not be stopped long enough when reversing, to allow any 
flow due to the static pressure of the rolls, to take place. 


The hot saws on each side of the mill also permit the 
cutting of short sections of bar after each complete pass. 
These short sections could later be sliced into one-quarter 
inch lengths and each man furnished with a sample of 
what actually happened in that particular pass. 


A series of lectures and demonstrations on a mill 
where tonnage is not a factor would give the young roller 
more experience in six months of three nights a week 
than he could get in almost as many years of work on a 
producing mill. 


Demonstrations of faulty rolling as well as successful 
passes coukl be also made and the causes and remedies 
studied. 


STEEL CORPORATION AIDS ALL EMPLOYES 
TO BUY JU. S. BONDS. 


The Bethlehem Steel Corporation and its employes 
have found a common ground for mutual benefit. They 
have gotten together on the sound financial basis of 
Liberty bonds. At the request of the men themselves, 
the Bethlehem Company and its subsidiary companies 
have just perfected a plan by which the employes can 
invest regularly a part of their wages in government 
securities and obtain those securities at current market 
prices, thus obtaining the opportunity for profit which 
those prices present. 


Under the plan, the company will purchase at market 
prices various issues of Liberty bonds and Victu-y notes 
and hold them for employes who desire them. The bonds 
are sold to the employe at the same price at which they 
were bought and will be paid for by weekly, fortnightly, 
or monthly reductions from the pay of the employes who 
purchase them. Advance in the price of the bonds after 
they have been subscribed for will not affect the employes 
who will obtain them at the price current when the sub- 
scription was made. 

When the bonds has been completely paid for it 
will be delivered to the employe with accrued in- 
terest. 
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Modern Development of Fuel Gasification 


Development of Modern Gas Producers in Germany—Operation 
of the Producer and the Processes by Which the Complete 


Utilization of all 


Constituents Are Obtained. 


By HUBERT HERMANNS. 


CCORDING to the chemical-physical processes, 

two methods of obtaining the useful gases, con- 

tained in our fuels, can be applied, viz: distilla- 
tion and gasification. With the first method, which is 
used in the manufacture of illuminating gas, the fuel 
is heated in air-tight vessels, called retorts; this gives 
a combustible gas, a distillate, composed of a mixture 
of oily and watery substances and coke. When ap- 
plying the second method, the fuel is converted en- 
tirely into a combustible gas, leaving no residue ex- 
cept ashes. This producer gas burns evenly and with- 
out developing smoke or soot, attaining a compara- 
tively high temperature of combustion, which may 
still be raised considerably by preheating the gas and 
the air required for combustion. Producer gas has a 
fairly uniform temperature. The quantity of air 
necessary for combustion can be kept within small 
limits, thus allowing an easy regulation of the process 
of combustion. The gas may be burned either with 
an air-excess or an air-deficiency, giving either an 
oxidizing or a reducing flame. 


Producer gas is generally used where high tem- 
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peratures are required, for instance, for heating or 
melting purposes or in internal combustion engines. 
For heating purposes, the application of producer gas 
is increasing daily and there can be no doubt that the 
so-called “semi-gas” furnaces will soon all be replaced 
by producer gas fired furnaces for the reasons that 
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producer gas is more economical, that it can be burned 
without smoke, that the combustion of producer gas 
can be easily regulated and that it is possible to gasify 
low grade fuels in the producer. 


The modern gas producer allows the gasification 
of all known fuels, anthracite, bituminous coal, sem:- 
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Fig. 2. 


bituminous cecal, lignite, peat, wood, coke, charcoal, 
shales, coal or coke breeze, etc. The product obtained 
will be the more valuable, the lower the quantity of 
volatile constituents in the coal. This quantity varies 
considerably with the different fuels: Wood contains 
about 82 per cent, peat 60 to 65 per cent, bituminous 
coal 45 per cent, best anthracite 5 per cent. The 
higher, therefore, the contents of free carbons in the 
fuel, the better will the fuel be for gasification. This 
rule, however, has nothirig to do with the economy 
and efficiency of the gasification, which depend upon 
other factors; these factors, being outside the scope of 
this paper, will not be dealt with here. 


The quality of the gas generated in a producer is 
entirely independent of the heat value of the original 
fuel. Under certain conditions a fuel with a low heat 
value may be superior, technically and economically, 
to a fuel having a high heat value. 


Fuels which are not fit for gasification in the 
original state, for instance coal or coke breeze, or 
brown coal, having a high content of moisture, can be 
remodeled into briquetts, thus making them better fit, 
not only for gasification, but also for unloading, trans- 
portation and general handling. 


The principle underlying the gasification is the 
transformation of the free carbon in the fuel into car- 
bon monoxide. The first product generated when 
burning carbon is carbon dioxide, which, coming into 
contact with more carbon, is reduced to carbon mon- 
oxide. To completely reduce carbon dioxide to carbon 
monoxide, a temperature of at least 1,800 degrees F. 


- in the combustion zone is required. If this tempera- 
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ture becomes lower, part of the carbon dioxide will 
stay unreduced and at about 850 degrees F. the forma- 
tion of carbon monoxide will cease. It has been found 
by recent investigations, that there is a fixed relation 
between the temperature and the carbon monoxide— 
carbon dioxide ratio, and that every temperature cor- 
responds to a certain definite ratio of two constituents. 
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Fig. 3. 


If the air blown into the producer is mixed with 
steam, this steam will, in the combustion zone, be de- 
composed by the incandescent carbon. If the tem- 
perature is above 1,800 degrees F. hydrogen and car- 
bon monoxide will be generated, if below 1,800. de- 
grees F., the products will be hydrogen and carbon 
dioxide. If steam only is blown with the producer, 
the result will be the formation of water gas, consist- 
ing of hydrogen, carbon monoxide and some carbon 
dioxide. 


The hydrogen, obtained from the decomposition of 
the steam, increases the heating value of the producer 
gas. Care must, however, be taken not to blow too 
much steam, as its decomposition and superheating 


will require a considerable amount of heat, which is 


taken from the incandescent fuel, thus lowering the 
temperature in the combustion zone. The quantity of 
steam blown should be enough to prevent the forma- 
tion of clinkers, which not only increase the manual 
labor, but also attack the lining of the producer. 


The hydrogen in the gas reduces its total specific 
weight, thus increasing the tendency of the gas to 
flow upward in the furnace and to attack the roof. Be- 
sles a large percentage of hydrogen in the gas tends 
to decrease the length of the flame, which is not favor- 
able for furnaces of great length, for instance heating 
furnaces or open hearth furnaces. On the other hand, 
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an increasing amount of hydrogen increases the flame 
temperature. 

When gasifying fuels containing large amounts of 
moisture, like brown coal, it is not necessary to mix 
steam with the air blown into the producer for gasifi- 
cation. In fact, such an addition might be detri- 
mental, as it might drown the producer. In the dis- 
tillation zone, the moisture of the fuel is driven off 
with the gas as water vapor, acting at an unwelcome 
ballast and reducing the temperature of combustion 
of the gas. Gas made from brown coal-briquetts con- 
tain, without the addition of steam to the air, about 
10 to 12 per cent hydrogen. Besides, this kind of 
fuel is not able to decompose the same quantity of 
steam as bituminous coal on account of the smaller 
amount of coke contained in it. However, ideas and 
experience differ widely in this matter among fuel ex- 
perts. One example may be mentioned to prove this 
statement. Of two producer gas plants, using the 
same kind of brown coal for gasification, the one had 
to be worked under all circumstances and conditions, 
without the addition of steam to the air, whereas the 
other plant could not get along at all without using 
steam. There is a wide field open for scientific in- 
vestigations, aside from the fact, that such conditions 
may be due to a large extent to local operating con- 
ditions. 
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The quantity of steam to be mixed with the air, 
must, as a rule, be regulated according to the kind of 
fuel to be gasified. Fuels containing a large amount 
of volatile matter, require less steam, because during 
the process of gasification water vapor is formed; to 
this water vapor has to be added the moisture in ‘the 
fuel. The more water vapor the gas contains, the 
higher will be the heat losses. The largest quantity 
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of steam to be added to the air can, nautrally, be al- 
lowed for the gasification of coke and charcoal, which 
are nearly pure carbon. If pure carbon is gasified, 
one pound of water vapor may be added to 75 cubic 
feet air without having to be afraid of heat losses. As 
one pound of carbon requires 75 cubic feet air for 
gasification, the upper limit of the addition of steam 


Fig. 5. 


will be one pound of steam for one pound of carbon. 


Preheating the gas and air will allow to increase 
the quantity of steam blown. Thus, for coke, prac- 
tical experience has shown, that 130 to 175 grains of 
steam per cubic foot of air are required when a gas is 
wanted containing a large amount of hydrogen. For 
ordinary conditions, 1/3 of a pound of steam is suf- 
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ficient for one pound of fuel. Under any and all cir- 
cumstances, care must be taken, that the temperature 
in the gasification zone does not fall below 1,800 de- 
grees F., as a large part of the heat is required for 
the decomposition of the steam, one pound of which 
consumes about 2,785 Btu. In case the temperature 
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falls below 1,800 degrees F., the steam will, as was 
shown above, not form carbon monoxide and hydro- 
gen, but carbon dioxide and hydrogen. At the same 
time, the height of the combustion zone will be re- 
duced, which again is followed by an increase in the 
CO, contents in the gas, thus generating a wet, lean 
gas, high in CO, and of low heating value. 


The thickness of the fuel bed in the producer de- 
pends upon the kind of fuel to be gasified. Fuels of 
small size require a thinner bed than coarse fuels. 
Fine coals of 4x34 inch size require about 2 feet 
thickness, coke of 144x% inch size require 30 inches, 
coke of 114x2 inch size about 4 feet and coke of 2x2% 
inch size about 6 feet thickness. For run-of-mine coal 
a thickness of 6 to 8 feet may be necessary. For bitu- 
minous coal, too thick a fuel bed is not favorable for 
a good working of the producer, as it will increase the 
formation of soot and tar. | 


Very important for a satisfactory working of the 
producer is the uniform size of the fuel, because large 
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lumps or fine dust mixed together, will prevent an 
even gasification; they will, furthermore, cause the 
formation of channels in the fuel, and will also in- 
crease the amount of combustibles in the ash. The 
channels will allow free air to mix with the gas on top 
of the fuel bed, thus diluting the gas. 


The selection of the fuel, however, will, in most 
cases, be determined by the local conditions. 


The operation of the producer and its efficiency are 
influenced considerably by the more or less complete 
gasification of the coal. It must, therefore, be the 
desire of the operator to reduce the ignition losses in 
the ashes to a minimum. In the old types of pro- 
ducers, the ashes sometimes contained 50 per cent of 


‘combustibles, whereas in the new types the coal is 


gasified to such an extent, that only about 4 to 5 per 
cent unburned coal remains in the ashes. 


The trend in the design of modern gas producers 
is directed, in the first place, towards the complete 
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utilization of the high-grade fuels in the producer, by 
extracting from them the tarry constituents in the 
form of low temperature tar, and, in the second place, 
toward the gasification of low grade fuels, like coke- 
grit, slack or fuels with a high ash content, which 
mostly could, up to the present time, not be used for 
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the purposes in question. The producer, best suited 
for gasification of these fuels are either of the rotary 
grate type or of the slagging type. .The oldest types 
of these producers had either plane or inclined grates. 
The air required for combustion was sucked in by the 
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natural draft of .the furnace, of which the producer 
formed an-integral part. They were built entirely of 
brick, with a firebrick lining, but without an iron 
shell. Holding an intermediate place between a semi- 
gas furnace and a producer, they are not used any 
more to any large extent (with the exception of the 
glass industry). The fuel gasified in these “producers” 
is mostly screened raw brown coal, sometimes brown 
coal briqutts, or a mixture of the two. The efficiency 
of these producers seldom exceed 30 per cent, the 
other 70 per cent are lost through one or more of the 
following reasons: 


1. With the ashes, which contain at least from 
10 to 15 per cent combustibles, whereas modern gas 
producers give ashes with not more than 4 or 5 per 
cent. 


2. Due to an incomplete reduction of carbon 
dioxide to carbon monoxide, caused chiefly by too thin 
a fuel bed. The gas produced has, therefore, a high 
percentage of carbon dioxide, which makes it unfit for 
heating a furnace to the required temperature. 
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3. Through radiation from the walls, hopper and 
grates. 

4. By gas losses 
hopper and doors. 

5. Through the deposition of the heavy hydro- 
carbons in the ducts in the form of tar. 

These losses are, to a large extent, due to the de- 
sign and operation of these types of producers. It is 
impossible to run a producer efficiently which has an 
inclined grate, open to the: atmosphere and without 
the least possibility of regulating the amount of steam 
and air required for gasification. It is the duty of the 
supervising engineer, to prevent such a_ senseless 
waste of fuel, caused by the inefficient design and op- 
eration of these producers. This can only be done by 
careful instructions to the operator, unless other and 
more efficient types of producers are installed. 

In some cases it has been thought to be of ad- 
vantage to preheat the air before it enters the pro- 
ducer. This was done by means of the waste gases 


“ 


through leaks around the 
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from the furnaces. Such a preheating is, however, 
useless, at least when the gas is to be used in regen- 
erative furnaces. The action of the regenerating 
chambers is due to the temperature difference between 
the incoming gas and air and the outgoing waste 
gases. If the temperature of the gas and air, entering 
the chamber, is high, the result will be a high stack 
temperature, i. e.: the chambers will work with a low 
efficiency. Although, therefore, it is desirable to make 
use of the heat in the waste gases, it can easily be 
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seen, that the way this is done in the case mentioned 
above, is not the right one. 

The grate generally and in modern gas producers 
is the round grate, sometimes developed in the form of 
a round sloping grate, sometimes in the form of a 
central blast hood (Fig. 1). Through a combination 
of the two types the combined round central blast 
hood has been obtained. The original purpose of the 
grate, i. e.: the support of the fuel column, has been 
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abandoned; at present the grate is mostly designed in 
such a way that it allows a uniform distribution of 
the stream and air over the whole area; it is designed 
as the name implies, as a blast hood. The fuel column 
rests on the flat bottom of a trough, called waterseal, 
which allows the removal of the ashes without inter- 
fering with the running of the producer. 

The automatic removal of the ashes has been tried 
several years ago by means of a revolving water seal 
or a revolving grate, and it was mainly due to Kerpe- 


x — 


rf al a | re 
HT ce | ae 


Pep ALLS 


-Anchor lor 
Bash Plates 


ly that this type of producer found a wide distribu- 
tion. Kerpely built a rotary grate (see Fig. 2) for the 
gasification of Bohemian brown coal and made, in 
1906, the first tests in Germany, but with little suc- 
cess. At the same time and at the same works, where 
the tests were made with the Kerpely producer, a 
Rehman producer was tried out. These tests showed 
the superiority of the Rehmann grate over the Kerpe- 


ly grate, as the former can easily be changed to suit 
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the pecularities of the fuel to be gasified. For a bak- 
ing coal, for instance, the grate was sub-divided into 
several smaller ones, each one having an apex of its 
own ‘(see Fig. 3). These smaller grates were with 
each other, forming one large grate. They prevented 
the fuel above the grate from coming to rest and 
forced the ashes to move by a continuous and uniform 
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motion from the center toward the outside. For fuel, 
which did not bake or which do not form large lumps 
of ashes, the grate was built much lower (see Fig. 4). 
A third kind of fuel, especially several types of rhenish 
brown coal, furnish ashes, which bind like cement, 
when coming in contact with water. For these coals, 
the grates had to be closed against the outside air by 
means of an iron shell. The ashes had, then, to be 
removed through doors in this shell, without allowing 
them to come in contact with water. 


The original gas producers did not have any 
gtates or blast hoods at all. The designers of these 
oldest types used for their model, the blast furnace, 
which, like the cupola, has no grate. Being designed 
after these furnaces, the producers were also operated 
like them. At the lower part of the shaft the air 
entered by means of tuyeres and the slag was tapped 
while in the liquid state. To obtain this liquid slag 
it was necessary to run the producers hot and to add 
fluxes. As such a flux iron furnace slag was used, 
which was charged with the fuel. 


The first producer of this type (see Fig. 5) was 
put in operation by Ebelmen around the year 1840. 
he air entered above the bottom through tuyeres, be- 
low which there was the tapping holes for the liquid 
slag. The gas was discharged at the upper part of 
the producer. The producer was not closed air-tight 
on the top and, in order to prevent the escape of the 
valuable gas, a piece of large pipe was provided, 
which reached down into the producer and which was 
always filled with fuel. There is no doubt, however, 
that this arrangement could not prevent some losses 
of gas. On the other hand, the hot gases, flowing, on 
their way out, around the pipe which was filled with 
coal, caused the dissociation of this coal, thus driving 
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out of it and wasting the valuable hydro-carbons, 
which are decomposed at low temperatures. There 
may also in the lower end of the pipe, have taken 
place a formation of carbon dioxide, which, rising 
through the fuel, might have been reduced to carbon 
monoxide. It can, therefore, easily be seen, that the 
losses connected with the Ebelmen producer must 
have been large. 

Around the end of the seventies of the last century, 
producers without grates were developed at Wit- 
kowitz (Fig. 6), which were built after the same 
principle and which were in operation until 1890. 
Here lime was charged in addition to the iron fur- 
nace slag for fluxing the ashes. The high tempera- 
ture in the producers, however, caused a quick de- 
struction of the brick work. Of a similar design was 
a French producer of the slagging type (Fig. 7) which 
afterwards was introduced into German practice. In 
this type of a producer blast furnace slag and lime- 
stone were used as fluxes. 


Later designs tried to develop a grateless producer, 
which would allow to increase considerably the quan- 
tity of coal charged per hour, thus increasing the 
amount of gas generated, and which would furnish a 
gas suitable for industrial and metallurgical furnaces 
of any kind. For the construction of these producers 
the experiments and the experience obtained from the 
French slagging type were considered. The fuel used 
is coke to which irom furnace slag is added as flux. At 
first it was found, that, when running the furnaces 
with gas made from coke, the influence of the heat on 
the charge was less favorable, than when gas made 
from raw coal was used, although the analyses showed 
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the gases to be of about the same composition. Further 
investigation, however, proved that the difficulties could 
be eliminated by regulating the gas-air mixture. 

Successful experiments with the slagging type of pro- 
ducer were recently made at the plant of the Georgs- 
Marienhuette at Osnabrueck. These producers are blown 
with a large amount of air, no steam being added. The 
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gas is, therefore, remarkably dry. The high heat value 
is due to a high percentage of carbon monoxide, which 


approaches the amount theoretically possible (50 per cent) | 


whereas the percentage of carbon dioxide is very low. 


Producers of the slagging type are especially of ad- 
vantage for fuels with a high ash content (Figs. 8 and 
9). In these producers it is possible to gasify fuels with 
as high as 50 per cent ash. All that is necessary is to 
vary the kind and quantity of the fluxes to suit the com- 
position of the ash. Experience has taught, that for the 
purpose low grade iron ores can be used to advantage, 
which otherwise would be unfit for reduction. The iron 
thus charged, is obtained as pig iron and can be sold as a 
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by-product, thus reducing the cost of operating the pro- 
ducers. 

At a Westphalian steel plant the producers were 
originally operated without the addition of iron. How- 
ever, it was soon discovered that it worked satisfactorily 
only for a few hours after operation was started. By 
and by the slag became more visceous and finally it froze 
completely, thus causing the producer to be shut down. 
At first it was thought that the slag was cooled by com- 
ing in contact with the cold bottom of the producer and 
a separate combustion chamber was built under the pro- 
ducer. But this only deferred the trouble without elimi- 
nating it. It was then tried to remedy it by charging 
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pig iron or iron ore with the fuel and this proved to be a 
complete success. After this no trouble was experienced 
any more in keeping the slag liquid. The heat contained 
in the molten iron is entirely sufficient for this purpose. 
If there would not be a continuous exchange of heat be- 
tween the molten iron and the slag, there would not be 
any chance to keep the slag liquid in a cupola. 


Next it was tried to make the slagging type of pro- 
ducer suitable for the gasification of small sized and 
fine fuels. As the air must, for this purpose, be blown 
with a comparatively high pressure, the danger arises 
that small particles of the fuel will be blown out with 
the outgoing gas. This has been fourxd to be true during 
experiments made at the Georgs-Marienhutte. The 
regenerating chambers were clogged with flue dust in a 
very short time. It was, therefore, necessary to enlarge 
the area of the fuel bed, in order to reduce the velocity 
with which the gas left the producer. But even then the 
carrying away of fine particles of the fuel could not be 
prevented entirely. 


To overcome the difficulty a new and remarkable 
design has been developed recently. It consists of the 
addition of a large circular chamber above the producer 
(see Figs. 10 and 11), which is divided by walls into 
several chambers. The gas flows through these cham- 
bers, and there deposits its particles of dust, as the 
velocity comes down to nearly zero. The dust particles 
glide down through pipes containing gates into the 
tuyeres and are blown with the air into the producer. 

During the last few years the trend of the develop- 
ment in the gasification of fuels has been directed through 
separating and collecting those hydrocarbons which boil 


-at a low temperature and form what is called “low tem- 


perature tar.’’ This tar is entirely different from the tar 
obtained in coke ovens or artificial gas plants. It has 
been discovered, however, that this low temperature tar 
can be changed into coke oven tar by superheating and 
dissociating it. But low temperature tar contains valuable 
constituents as benzene, lubricating oil and paraffine, 
which can be obtained easily from the tar. Low tem- 
perature tar proper is obtained, as the name implies, at 
comparatively low temperatures by means of dry distilla- 
tion. Care must be taken, that the distillation gases are 
not superheated, in order to prevent decomposition. It 
is, therefore, necessary to take these gases off at once, 
thus preventing this coming in contact with the hot walls 
of the producer and flues. 


Special means for the protection of the distillation 
gases against superheating are not required, where the 
distillation temperatures lie between 480 degrees and 
1,020 degrees F. with a gas temperature of between 570 
degrees and 1,380 degrees F. It is, in these cases, suf- 
ficient to simply extract by proper means, the low tem- 
perature tar from the main gas current. This can best 
be done in practice when the gas temperature in the pro- 
ducer is below 750 degrees to 840 degrees F. 


An installation of this kind for reclaiming the low 
temperature tar 1s shown in Fig. 12. Right above the 
gas producer a, is the main gas line b in which a small 
part of the tarry vapors and the steam is condensed. The 
rest of these vapors are removed in the separator c, from 
where they flow into the vessel e through a downcomer d. 
The gas then passes through the scrubber f, which con- 
tains perforated plates, whereas the tar, which is to be 
wasted, comes from the vessel g and flows through a 
distributor against the plates in f. Due to the close con- 
tact between the gas and the finely distributed tar, the 
tarry particles in the gas will be washed out and at the 
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same time, part of the water vapors in the raw gas will 
be condensed. Tar and water then flow from the scrubber 
to the vessel ¢, from where the pump ¢ lifts the tar into 
the vessel g. There, the tar is, by means of a heating 
coil, heated to such a temperature, that the temperature 
in the scrubber is not less than 120 degrees F. The light 
volatile parts are washed out in the wash-tower k and 
cooling tower 1. Above the cooling tower a vessel m is 
provided, into which is pumped the washing liquor, col- 
lected in vessel o as foul-water, by means of the pump n. 


If the temperature of the gas in the producer is be- 
tween 930 degrees and 1,380 degrees F., conditions are 
different. In such a case 1t 1s necessary to separate the 
gases containing the low temperature tar from the rest. 
It has been found to be of advantage for this purpose to 
use charging boxes, which are filled with the green fuel 
and which bring it down to the top of the fuel bed in 
the producer. Fig. 13 illustrates a gas producer with 
rotary grate and the charging box. The fuel is charged 
through a hopper, built in the usual way and is exposed 
in the charging box below to a temperature of about 930 
degrees F. The hot gases, playing around the box cause 
the separation of those parts of the fuel which are dis- 
tilling at a low temperature and which are collected 
separately. : 


It is apparent that the development in fuel gasification 
has reached a turning point, which might cause a funda- 
mental change. On the one side there is the question of 
gas generation with the reclamation of the valuable low 
temperature tar, which will make Germany independent 
from, other countries as far as lubricating oils, grease 
and benzene is concerned; on the other side we have the 
restless gasification of coal in a producer of the sla ‘ging 
type. The main advantage of this mode of operation is 
due to the possibility of gasifying large quantities of fuel 
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on a small area, connected with a decrease in cost of 
operation and labor. The utilization of the fuel is more 
efficient amd more economical, where tar is separated. 
But the further development of the process depends 
mainly upon the market conditions for the by-products. 


It seems, however, to be of advantage, to combine the 
two methods of working. This can be done in the follow- 
ing way: The large grateless producers of the slagging 
type, with a high capacity, are filled up for the separation 
of low temperature tar, charging raw coal. The design 
can be modeled after the Ebelman producer, changing 
the inserted piece of pipe into a charging box. The gasi- 
fication zone is then entered by coke, which can be gasi- 
fied at a high temperature, while the liquid slag is tapped 
at the bottom. 


Of course, it can only be found by practical experi- 
ments and tests, if this proposition is feasible. It may, 
for instance, be difficult, to combine the provisions re- 
quired for separating the low temperature tars with a 
gas producer of the slagging type, having a large diameter 
and capacity, as the time during which the coal remains 
in the charging box, may be too short to insure a com- 
plete distillation. There is, furthermore, the possibility, 
that small particles of the fuel (half-coke) will be car- 
ried over into the lines on account of the high air pres- 
sure. Actual tests with the different apparatus may 
show a way out of the difficulties and may lead fo the 
discovery of a satisfactory arrangement. There is no 
doubt that the combination of the distillation retort or 
charging box with a producer of the slagging type would 
change the technical and economical foundation of the 
gas generation, it would, above all, allow the gasification 
not only of the coal and coke breeze but also of large 
quantities of green coal in a slagging type producer under 
the simultaneous separation of low temperature tar. 


in the Open Hearth 


The Effect Roller Bearings Applied to Rolling Stock Has Upon 
Reducing Transportation Costs—Comparative Tests Made With 
Cars.of the Plain Bearing Type. 


By PHILIP C. GUNION, 
Engineer, Hyatt Roller Bearing Company. 


nage at a minimum cost. New methods for pro- 
ducing steel by cutting out unnecessary delays have 
not only been tried but have also been adopted as standard. 


The transportation problem about the open hearth is 
of vital importance, whether it is transportation of scrap, 
limestone, hot metal or ingots. The melting process may 
be developed to a high degree of efficiency but a delay 
in transporting materials will run up operating costs. 
Within the past five years considerable time has been 


A LL operating men desire to produce maximum ton- 


spent by many steel men in an effort to bring the trans- © 


portation of materials, with minimum operating and 
maintenance costs, on a plane with the efficiency secured 
in the furnace itself. 

Roller bearings applied to rolling stock have assisted 
materially in producing the desired results. Investiga- 
tion of various open hearth operations will show that 


flexible roller bearings have eliminated delays that are. 


inherent in cars equipped with plain bearings. 
Steps have been taken in many plants to change to 
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roller bearing equipment gradually by having several cars 
changed each month. Other less fortunate plants must 
wait until new rolling stock is required before adoption 
of the superior type of bearing, on account of new car 
bodies being required to properly allow for a roller bear- 
ing installation. For new open hearth plants, recently 
built, roller bearings of the flexible type have been speci- 
fied on the ingot and charging cars. 


At first glance, operating men may question the advis- 
ability of discarding their plain bearing cars for new ones 
of the roller bearing type. There must be substantial 
returns from an investment of this nature. In those plants 
where plain bearing cars and roller bearing cars are in 
operation at the same time, it has been definitely estab- 
lished that the saving of the roller bearing over the plain 
bearing is very marked and returns on the investment 
are above the average. 


During 1917 a comparative test of plain bearing 
equipped ingot and charging cars and roller bearing 
equipped cars was made at the Ohio Works of the Car- 
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charts secured from this test showed that the roller bear- 
ing equipped train of cars required one fourth the draw- 
bar pull necessary with the plain bearing equipped train. 
An increased number of charging or ingot cars can be 
hauled in a train when roller bearings are used, without 
double-heading with an extra locomotive. It is often 


necessary to use two locomotives to haul an ingot train. 


from the open hearth pouring floor to the stripper when 
the plain brass bearings are installed. By applying roller 
bearings to cars under such conditions the services of 
this extra locomotive are not required. Noticeable exam- 
ples of results of this nature are secured at the Youngs- 
town Sheet & Tube Co. and at the South Works of the 
Illinois Steel Company. The saving in upkeep and main- 
tenance of this extra locomotive will amply pay for the 
additional cost of the superior type of car bearing. 

In the case of charging car installations it has been 
found advisable to change to the roller bearing in order 
to haul more cars in a train without purchasing a new 


Fig. 1.—Showing simple, compact, protected Hyatt Roller 
Bearing box for steel mill cars—the outer end of the box 
is closed except for a small oil hole, and there are no 
projectingparts or cvoers to be broken. The whole box 
can be steadily constructed to withstand the use and 
abuse that steel mill equipment receives. 


locomotive. This change to the roller bearing type of 
charging or scrap cars can be made economically and is 
an important matter to consider when a plant secures a 
shipment of light scrap. 


In addition to the return on the investment in the 
saving of locomotive time, upkeep and repairs to the loco- 
motive, substantial returns have been recorded due to 
decreased upkeep costs of car bearings and axles. 


With cars of the plain bearing type, many brasses are 


replaced yearly at an astounding cost of replacement. 
The journal brasses themselves may cost but little but the 
labor cost and frequency of replacement cause enormous 
upkeep costs. In some plants brasses are replaced on all 
cars twice a year while in other plants replacements once 
each year on all cars are very common. Roller bea-ing 
types of ingot mould cars have been in operation at one 
of the Bethlehem Steel Company plants for over iive 
years and inspection of journals and bearings at the end 
of four and one-half years service showed no appreciable 


wear and no cars had been taken into the shops for bear- 


ing repairs during that time. . 
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negie Steel Company with a dynamometer car. The 


The covers of plain bearing journal boxes are knocked 
off or left off at the time of lubrication allowing dirt, 
grit and even hot metal to gain admittance and cause 
deterioration of the brasses and the axles. Wear of the 
axle will eventually weaken it to such an extent that a 
slight shock going over uneven tracks or a blow of an 
ingot under the stripper crane, will cause a fracture at a 
time when a delay due to such causes may hold up pro- 
duction on the blooming mill. 


The roller bearing journal box can be designed with 
the outer end closed. No dirt, hot metal or grit can get 
into the bearing. The lubricant is not burned out but 
remains in the bearing, where it is circulated back and 
forth over the bearing surfaces... Journals do not wear 
excessively and broken axles can be considered a thing 
of the past. 


Another item on which a saving can be effected by the 
use of the flexible roller bearing is lubrication. Plain 
bearings require frequent lubrication, very often once 
each day or before a heat is poured. Experience in many 
open hearth plants shows that the roller bearing type of 
car requires lubrication only once each month and cases 
are on record where lubricant is replenished in the roller 


Fig. 2.—Shows graphically some of the disadvantages of 
plainbearing steel mill cars. The brasses are worn, the 
protecting cover has been broken, and the boxes full of 
foreign matter which can but add to friction. 


bearings at intervals of two months. Simple but accurate 
records are easily obtained on lubrication saving by means 
of a card index system. 


With the cars numbered, index cards bearing the car 
numbers can be made up to show. the date the roller bear- 
ing cars went into service, the date of inspection and date 
of last lubrication. The car repair foreman can each day 
or each week designate certain cars for either inspection 
or lubrication. The oiler can report the various cars 
lubricated in a day and this information can be entered 
on the card. Thus the cost of lubricant and labor per 
car per week, month or year can be figured up in a few 
minutes. 


With fewer lubrications it will be possible to place 
some men now used for this work on more important 
work. One man will be able to take care of several hun- 
dred cars when flexible roller bearings are installed on 
the cars. The labor saving in this connection will vary at 
different open hearth plants depending on the number of 
men previously used for looking after the plain bearing 
equipment. 

sig (Continued on page 635) 
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Heating Furnaces and Annealing Furnaces 


Location and Size of Ports and of Flues—Allowable Velocities— 
Example Showing Methods of Calculating the Proper Sizes of 
Stacks. — 

By W. TRINKS. 

PART XXIII. - 


HE two important questions in connection with ports 
it i and flues of a combustion-type furnace are: What 
is best location of the ports and what should be the 

size of the flues? 


Expressed in general terms, the answer is easy. The 
ports should be so located that the furnace will absorb the 
greatest possible amount of heat from the gases of com- 
bustion, and the flues must be large enough to carry off 
the products of combustion, with but little pressure in 
the furnace, at the greatest rate of heating. 

Expressed in specific terms, the answer is more com- 
plex. Answering step by step, we see quite readily that 
outlet ports should be located at a low level, near the 
hearth, if possible. If the outlet port is located in the 
roof as shown in Fig. 171, the furnace interior forms a 
chimney which draws cold air in around the door and 
through all the cracks, unless the outlet be so restricted 
that its resistance counteracts the chimney effect. Restric- 
tion of the outlet can be accomplished by a damper, but 
the latter must be manipulated very frequently in order 
to adapt the resistance of the outlet to the volume of the 
flue gases. Besides, the flame finds very little surface 
upon which to “wipe the heat”, and the flue gases escape, 
as a rule, with a temperature considerably in excess of 
that of the furnace interior. 
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Fig. 171. 


If, on the other hand, the outlet port be located at the 
bottom, as in Fig. 172, then the flame will “lick the 
hearth”. The path of the gases in the furnace is long, 
so that the gases can give up their excess temperature to 
the material which is being heated. There should be 
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atmospheric pressure on the hearth, or a very slight excess 
of pressure, not more than 1/100” of water. The purpose 
of the flue is not to create any draft in the furnace, but 
to carry off the products of combustion. The flue must, 
therefore, be of such size that the draft which it produces 


' is just equal to the velocity head plus the frictional pres- 


sure drop of the gases through the flue. 


Fig. 172. 


The latter requirement presupposes a very delicate 
balance which is not easily attained or maintained in prac- 
tice. A way out of this design—and operating—difh- 
culty consists in placing the outlet flues near the door and 
in making the flue or stack draw too hard. If the flue 
draws a greater volume than is furnished by the products 
of combustion, it will suck in cold air through the doors. 
The cold air serves a double purpose. It satishes the 
demand of the stack or flue, without perceptibly cooling 
the furnace, and it reduces the demand of the stack, by 
depressing the stack temperature. 


Unfortunately, this very good trick is not applicable 
everywhere, because in long, narrow furnaces, burners 
and flues must be arranged along the whole length. It is 
not advisable to discuss right now, the arrangement of 
the outlet ports, in greater detail, because of the multi- 
plicity of different arrangements which are caused by 
different fuels, different shapes of materials to be heated 
and different methods of saving the heat. That discus- 
sion will be postponed and will fit much better into the 


' critical comparison of different furnace types which will 


begin in the January issue. 


Turning now to the size of the ports, flues and stacks, 
we readily recognize that there are two parts to the deter- 
mination of the proper port size. The first part consists 
in computing the quantity of the products of combustion 
and the second part consists in fixing the velocity with 
which these products of combustion shall flow through 
the ports and flues. 


Determination of the quantity of these products of 
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combustion leads right back to the problems of capacity 
and economy of furnaces. A scientifically correct solu- 
tion of the problem would involve, first, the proper heat- 
ing capacity of the furnace, and second, the fuel consump- 
tion, using the methods explained in parts 1 to 9 of this 
series. For large, special furnaces that procedure is 
‘indeed necessary, but for the ordinary run of commer- 
cial furnaces, it is out of the question, because it is seldom 
known beforehand what quantity and shape of material 


will be heated in a commercial furnace. For that reason 
it will pay to derive average figures and to base flue sizes 
on them. The flues may, in some cases, be too large, but 
a tile properly placed across the top of each flue will 
make it right again. 


Very few furnaces heat more steel than 100 pounds 
per square foot and hour. Sixty-five pounds per square 
foot and hour may be considered a good rate, while umer- 
fired furnaces seldom heat more than 35 pounds. The 
heat requirement of the steel per hour is easily found 
from this rate and the heat content per pound, see the 
chart in Part 1. It approximately equals 175 Btu per 
pound, at 1200 degrees F., 275 Btu per pound at 1600 
degrees F., and 375 Btu per pound at 2200 degrees F. 
On the basis of the very high rate of 100 pounds per 
square foot and hour, these figures corresporm to 17,300, 
27,900 and 37,500 Btu per square foot and hour. Radia- 
tion losses and convection losses usually equal 15 per cent 
of these values, except in underfired furnaces in which 
the losses reach 20 per cent, or even a little more. If 
the ratio of heat given off by the gases in the furnace to 
the total heat value of the fuel is called the gas efficiency, 
then the latter equals about 48 per cent for 2,200 degrees 
F., 62 per cent for 1,600 degrees F., and 72 per cent for 
1,200 degrees F. furnaces (see curves in Part 4). Hence 


17,500 _ 


720 
28,000 Btu per square foot of hearth and hour. for a 
1,200 degrees F. furnace, with corresponding values of 
48,000 for a 1,600 degree F. furnace and of 90,000 for 
a 2,200 degree F. furnace. To produce 10,000 Btu by 
combustion requires roughly 95 cubic feet of air (meas- 
ured cold). The volume of the flue gases (referred to 
the same temperature as that of the combustion air) is 
very little more than that of the air, except in the case of 
blast furnace gas and producer gas, so that we may 
figure with 105 cubic feet of flue gas (cold measure) per 
10,000 Btu. The ports then have to pass 2.8 & 105 
1200 + 520 


520 


the Btu consumption in the fuel will be 1.15 <x 


=980 cubic feet of hot flue gases per 
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square foot of hearth and hour for a 1,200 degree F. fur- 
nace. In the same manner we find 2,040 cubic feet per 
hour for a 1,600 degrees F., and 4,900 cubic feet per 
hour for 2,200 degree F. furnace. 

From these figures the port and flue sizes are easily 
found, if we know the velocity at which the gases may 
flow through them. And right here the difficulty begins, 
if it may be called such. A port which is nothing more 
than a hole in the roof or side wall offers no other resist- 
ance besides the formation of velocity head. For air of 
atmospheric pressure and temperature a velocity of 100 
feet per second requares a head of 2.3” of water. The 
hotter the air or flue gas, the smaller the pressure which 
is required to produce a given velocity. Thus we find 
that 100 feet per second require .7” of water at 1,200 
degrees F., .56” of water at 1,600 degrees F., and .44” of 
water at 2,200 degrees F. 


If the pressure in the furnace at the port is not to 
exceed .01” of water, and if no stack is available to pro- 


duce a draft, the velocity is limited to V = «x 100 = 12 


feet per second at 1,200 degrees F.; 1314 feet per second 
at 1,600 degrees F.; and to 15 feet per second at 2,200 
degrees F. These figures mean the actual velocity and 
not the so-called average velocity. The latter is about 62 
per cent of the highest velocity on account of the inertia 
of the air or gas particles indicated by the arrows A, Fig. 
173, unless the entrance to the outlet port be well rounded. 
If the gases, instead of simply issuing through the open- 
ing into the air, pass into a flue (as is usually the case), 
then the average velocity is 75 to 85 per cent of the actual 
velocity at the entrance. 


It is evident that “holes in the wall” must be quite 
large, if they are to take care of the products of combus- 
tion, and that the draft created by a short flue or stack 
is highly desirable. With flue gases at the three tempera- 
tures under consideration, the draft produced by a 10 foot 
stack is as follows: .101” of water for 1,200 degrees F. 
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Fig. 174. 


furnace, .110” for 1,600 degrees F. and .119 for a 2,200 
degree F.. stack temperature, aside from the reduction of 
the draft due to frictional resistance. 

The problem then narrows itself down to utilizing the 
available flue height in such a manner that its draft plus 
the slight pressure in the furnace just balance the velocity 
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head and the frictional head of the products of com- 
bustion. 


In most furnaces this equilibrium is attained if we 
choose an average velocity of 20 feet per second for 
1,200 degrees F. furnaces, 25 feet per second for a 1,600 
degree F. furnace, and 30 feet per second for a 2,200 
degrees F. furnace, see the appendix for theory. On that 


980 K 144 __ 
20 x 3600 
2.0 square inches per square foot of hearth area in a 

2040 * 144 
1,200 degrees F. furnace, 25 x 3600 
in. per square foot of hearth in a 1,600 degrees F. furnace, 
4900 x 144 
30 x 3600 


hearth in a 2,200 degree F. furnace. It goes without say- 
ing that the flues will be made multiples of brick sizes. 


basis the port and flue area should be 
= 3.3 square 


and = 6.5 square inch per square foot of 
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These figures need some comment. They were based 
on a rate of heating 100 pounds of steel per square foot 
and hour. While this rate is high, the flue sizes figured 
on the basis of this rate are none too large, because fur- 
naces are frequently fired at or above this rate while heat- 
ing up from a cold start. 


It shoukl also be stated that the above given flue sizes 
are based on furnaces without regeneration, recuperation, 
or preheating of steel. Continuous furnaces need only 
one-third to one-half of the heat per square foot of hearth 
which is required by “in and out” furnaces) and, besides, 
cool the products of combustion to a lower temperature 
(and lower volume) than the “in and out” furnaces do. 
Outlet port areas in continuous furnaces, for that reason 
need only be 30 per cent to 40 per cent of the values 
which were given above. 


Properly designed and properly operated regenerative 
furnaces save 35 per cent of the fuel with a furnace tem- 
perature of 2,200 degrees F., and save 24 per cent of the 
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fuel with a furnace temperature of 1,600 degrees F. In 
1,200 degrees F. furnaces the saving is very small com- 
pared to the cost of installation, and regeneration is hardly 
ever used. Flues and ports in regenerative furnaces can, 
on account of the saving, be made smaller in proportion. 
The flue area then is 4.3 square inch per square foot for 
2,200 degrees F. and 2.5 square inch per square foot of 
hearth in 1,600 degrees F. furnaces. 


The products of combustion of producer gas and of 
blast furnace gas take up a greater volume than those of 
coal, oil, natural gas, etc. The cold products resulting 
from producer gas take up 120 cubic feet for every 10,000 
Btu liberated, or 1.25 times as much as those resulting 
from the richer fuels. By comparison with the formerly 
obtained values, we find for ordinary “in and out”, pro- 
ducer gas fired furnaces, 2.5 square inch for 1,200 degrees 
F., 4.1 square inch for 1,600 degrees F., and 8.1 square 
inch for 2,200 degrees F. per square foot of hearth area. 
For regenerative furnaces, these values change to 3.1 
square inch for 1,600 degrees F., and 5.4 square inch for 
2,200 degrees F. For continuous furnaces using pro- 
ducer gas, use 1.25 square inch for 1,200 degrees F.; 1.8 
square inch for 1,600 degrees F. and 3.1 square inch for 
2,200 degrees F. per square foot of hearth area. 


It should be realized that all of the above given values 
are average figures, say for furnaces of 40 to 70 square 
feet hearth area. In smaller furnaces, the port and flue 
sizes should be somewhat larger (in proportion to the 


“hearth area); while in large furnaces they may be some- 


what smaller. The reason underlying this statement is 
plain. Large furnaces have higher flues and less friction 
in them in proportion to small furnaces, see the appendix. 


As before stated, gas and oil fired furnaces need no 
stacks. The products of combustion are discharged from 
a short flue into the open air, see Fig. 174. If the pres- 
gence of the products of combustion in the workshop is 
objectionable, a hood with a vent to the roof is the 


remedy. 


_ Coal fired furnaces, on the contrary, issue objection- 
able, smoky and sulphurous products of combustion, 
which are usually discharged through stacks. The proper 
dimensioning of these stacks seems to be considered a 
deep mystery. Asa matter of fact it is extremely simple 
except for the regenerative furnaces. As before stated, 
there must be a slight pressure in the furnace, and the 
stack has no other function than to carry the products of 
combustion off. In consequence the stack can be of any 
height, 15 feet, 25 feet, 40 feet, or whatever is convenient. 
It is, of course, necessary to carry the stack sufficiently 
high above the crest of the surrounding buildings to pre- 
vent back drafts or eddy currents from blowing down . 
into the stack. The necessity of carrying stacks above 
the surrounding buildings makes them too high, as.a rule; © 
too much draft is produced, and a damper must be used. 
High temperature dampers are hard to maintain, unless 
water cooled. The difficulty is obviated by placing the 
damper on top of the stack, where one side is air-and 
radiation-cooled. The cross section of the stack is made 
somewhat smaller than the sum of the cross sections of 
all exhaust ports, an average ratio being 60 per cent. This 
reduction is permissible, first, because the gases cool down 
on the way and take up less volume, and second, because 
one large duct of a given cross section offers less frictional 
resistance than many small ducts of the same cross sec- 
tional area. Stacks are as a rule, lined with 4%4 inch 
firebrick as a protection against burning out. The small- 
est practicable brick-lined steel stack is 36 inch diameter 
of shell. Occasionally a 30 inch stack may be found, but 
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it requires a “narrow gauge brick layer” to line it. 
Horizontal flues can be made smaller, because a brick 
layer can lie in them and work himself away from the 
lining. It is unfortunate that the same scheme will not 
work in a stack. 


The height of the stack is of importance in some cases. 
In some instances the stack is located at a considerable 
distance from the furnace or furnaces. The stack must, 
in that event, overcome the friction in the horizontal flues, 
and it must do that work with colder stack gases, because 
there is some temperature drop in the flues. 


It is somewhat risky to explain in a short article the 
method of calculation of such a case, because it must 
necessarily vary with local conditions. But the demand 
for information on this very question has been so insist- 
ant that an example will be figured; it is hoped that it 
will clear up the doubts surrounding the flue-and stack- 
problem. 


Example: In the furnace represented in Fig. 175, the 
flue leading to the chimney had to be buried 10 feet deep 
to pass under a foundation. With regard to draft losses 
due to friction, the arrangement may be divided into three 
parts; (1) the two vertical flues 9x13¥% inches, 12 feet 
long; (2) the 21x36 inch flue, 60 feet long, part vertical 
and part horizontal; and (3) the stack itself. 


It should be noted in passing that with this arrange- 
ment a door must be provided at the base of the stack; 
otherwise the furnace could not be started operating nor- 
mally. By lighting a fire there, draft is produced which 
1S necessary for starting combustion in the furnace itself. 


At the start, the equations for draft losses will be 


stated: 
Loss of draft due to friction = .003 L— . = 
A (t + (t + 460) 
inches of water. 
where 
L = length of flue, ft. 
C = perimeter of section, ft.; 


A = area of section of flue, sq. ft. 

c = velocity of gases in flue, ft. per sec. 

t = average temperature of the gases in the flue. 
Loss of draft due to velocity head at entrance = 


184 oe 
(t + 460 


Loss of draft due to a sharp right angle bend = 


2 
ic 
t + 460 
Draft produced by buoyancy of vertical column of 
hot gases, at a ee t, height of column 


H, ft. =76u( = 520 (t + To aby eaten) The probable 
temperatures at various places in the flues must first be 
set. These can be checked up by finding, (1) the heat 
loss through the brick walls of the flue, from chart in 
Part 3 and from the surface area, and by finding (2) 
how much heat is lost by the weight of gases which pass 
at the known velocity through the flue, in dropping from 
the temperature at the beginning to the assumed tem- 
perature at end of flue. If the two agree, the assumed 
temperature is correct. 


Heat loss from an underground flue at considerable 
depth below ground, is not more than one-fourth of that 
from a flue above ground. 
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(a) 9” & 13.5” flues. L = 12’. C = perimeter = 
2 
(9 + 138%)" = 375 ft. 
12 P 
eas eiee  e eaa 


12 “* 12 A . 


In a 1,600 degree F. furnace, the gases leave at a veloc- 
ity of about 25 feet per second (see above), or c = 25. 


ae _ (25)? 
Friction loss = .003 &K 12 * 4.44 X (1600 4 460 
= .049” of water 
] in two bends 2 x .165 eo) = .100” of water 
oss in two bends 4 5060 


= .056” of 


Draft due to ee of hot gases in vertical flues = 
1 
764 x 10 (Kt) (55 520 ~ 2010 


If the pressure in the furnace is + .01” water, the pres- 
sure at the bottom of the vertical flue = -++ .01 .049 .100 


7 (25)? 
Loss due to velocity head = .184 X 7060 


= .109in. water 


urnace 
earth 


056 .109 = .304, or the actual draft at the bottom = 
3/10 inch of water. 


In this case the buoyancy of the hot gas column works 
against the stack draft, increasing the draft at the bottom. 
(b) 21” X 26” flue. L = SO ft. horizontal + 10 ft. 


—éOft A=—38,c= 7.7. Ss 


ym 2.08. Average 
temperature = 1350 degrees F. 


Average velocity (since the weight of gases is the 
same asinthe9” x 1314” flues but temperature is lower 


vertical 


2 844 
and area greater) is 25 ft. per second < “A x 
(1350 +460) _ o _ 
(I + ‘en 9.8: ft. per sec., the volume of a 
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given weight of gas being proportional to the absolute 
temperature, which is (t + 460). 


Friction loss = .002 « 60 & 2.08 x a = .0198 
Loss in three bends = 3 X .165 X Sa = .0260 
Buoyancy of vertical column of gas at 1,350° F. = 
1 
7. ——_ Jj —. 
6x 1x (5, + io) a 


In this case the buoyancy helps the stack draft, but 
does not quite counterbalance the hotter column of gases 
in the 9x1314” flues. Pressure at base of stack = .304 
0198 .0264 + .104 = .245”. or draft there = 4%” of 
water. 

(c) Stack 27” inside diameter. 

In the stack, the buoyancy of the hot gases must bal- 
ance the sum of the draft at the bottom of the stack plus 
fractional resistance in the stack. 


Area = 3.98 square feet < = 1.78. Average tem- 


perature of gases = 1100 degrees F. 
Average velocity = — 


2 x 844 (¢ 1100 +460_ 


25 &X —308 ~~ \ Ieoo 400 +460 = 8.0 ft. sec. 

1 \_ (80)? 
76H (= —Ts00 — 245 + .003 H x 1.78 S24 “T5600 
00979 H = .245 +. .000219 H 

H = 25 


Required height of stack = H = 25 ft. above furnace 
floor level. 

Part 2—If the stack must in any case be 60 feet high, 
to clear surrounding buildings, how small should the 
underground flue be made? 

The additional draft available, deducting friction loss 
in the extra length of stack, with average temperature in 
the upper 35 feet of stack = 900 degrees F. and a velocity 


(900 + 460) 
f —_________—. = 70 ft. sec. 
of 8X (1100 ra 0) 7.0 ft. sec., would be 
es Cae a 00335 x1.78\22~ = 310” 


520 1360 1360 

Draft absorbed by friction in the 21 X 26” flue (see 
above) = .0198 + .0260 = .0448”. 

Total draft to absorbed by friction in the smaller 
horizontal flue = .0458 + 310 = a of water. 


C 2 
Then .3558 = .003 x 60 x = x a + 3X .165 To55 
ae —- -i 
A 
1780 
and .3558 = ( 186 < + a ao ae 


Simplifying, .3558 Pi = 0457 C + 487 A, 

If the flue were made square, calling the side X, area 
A = XX? and the perimeter = 4X. = c. 
Substituting, .3558 « § = 0457 (4 &) + 487 x?, 
xX = 1.15, or 1314” square. 


Instead of using so small a flue, which might become 
choked and clogged with dust or soot, it would be better 
to use the 21” flue and install a damper for regulating 
the draft. 


In regenerative furnaces the height of the stack is of 
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The notes in Fig. 176, indicate that 
the effective height of the stack begins some distance up. 
The better the regenerator, that is to say, the more heat 
it abstracts from the products of combustion, the more 
height is needed to counterbalance the back ‘draft pro- 
duced by the regenerator, and the lower is the tempera- 
ture in the remaining “effective” stack. No simple rule 
can be given for the stack height and diameter on regen- | 
erative furnaces. Each stack must be computed individ- 
ually in conjunction with the furnace, regenerators, and 
with the flues leading to the stack, including the resist- 
ance of the valves. On this type of furnace, many sins 
of omission and commission are perpetrated rather fre- 
quently by copying the design, including the stack, of a 
successfully operating furnace, while at the same time 
making changes that would require a higher stack. 


Appendix. 
The draft produced by a stack of H, feet high, with 
an average temperature of T° F. (absolute) of the stack 


39.7 ] : 
gases equals 3377 H( 30 ) inches of water. 


The draft loss due to friction in the same stack equals 


2 
.003 H £ = inches of water, if C = the periphery in 
feet, A = cross sectional area in square feet, and c = the 
velocity of the gases in feet per second. The velocity 
head (taking care of the coefficient of contraction) equals 


2 
.184 = inches of water. 


Balancing oe against losses, we have, 


= a ee eer - ) = =<'( 003 H = +184) 
oe for c, 


4.96 (t — 60) 
c= Co Gia here t = temperature of 
— A ta —— the stack gases °F., (not absolute) 


With this ee the following tabulation was com- 
pleted. 


t = °F. 


—1200°——_, -——1600°——. ———2200°—— 


= feet 3 8 2 3 8 2 3 8 20 
Size of Flue 
414"x4y" 13.5 176 20.3 15.6 20.4 23.6 18.5 241 27.8 
4iZ ’x9”" 14.1 19.0 226 164 221 26.3 19.3 2.5 31.7 
9”x9” 148 209 260 17.2 242 302 20.3 286 356 
18”x18” 15.6 23.4 31.4 182 27.2 36.5 21.4 32.1 43.0 


The tabulation is very instructive. It shows that for 
every small furnace (low flue, small cross section) and 
for low temperatures, the velocity through flues and ports 
must be low (13.5 feet per second), if excessive furnace 
pressure is to be avoided. It also shows that in large, 
high temperature furnaces, velocities up to 43 feet per 
second are permissible. 


LUBRICATING MEN END CONVENTION. 

The salesmen and mechanical men of the Key- 
stone Lubricating Company, of Philadelphia, closed 
a very interesting convention Saturday, October 9, 


1920. 


Among those present were Harold A. Buzby, Vice 
President and General Manager; George W. Hall. 
District Sales Mangager, Pittsburgh District; Warren 
P. Kline, Pittsburgh District Office Manager ; Mr. 
Raub, of the Canuck Supply Co., Montreal, Canada: 


' S. J. Adams, Manager Steel Mill Department. 
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Draft Combustion and Boiler Stacks 


Interdependence of Draft and Per Cent Rating—Draft Loss 
Through Fuel Bed and Boiler and the Draft Necessary to 
Produce Velocity of Heat—Forced and Natural Draft. 


By F. J. DENK 
PART I. 


OR illustrating purposes, a set of curves is shown 
F in Fig. 5. They give the interrelation of the draft 
losses through a fuel bed for different kinds of 
coal and different thicknesses of the fuel, all for hand 
fired furnaces. The curves show that with the in- 
crease of the thickness of the fuel bed, that means, 
with the increase of the rate of combustion, the draft 
increases. But they show also, that the draft require- 
- ments vary with different kinds of coal. There is a 
marked difference between bituminous slack and run 
of mine coal on the one hand and the different types 
of anthracite coal on the other hand. As the first 
- named types contain less carbon than the last named 
ones, they require less air for combustion. While 
bituminous coal contains between 50 to 75 per cent 
total carbon, anthracite contains between 80 to 90 per 
cent of this constituent. A glance at Fig. 1 of Part 1 
of this article (page 575 of last month’s issue of the 
Blast Furnace and Steel Plant), will explain the con- 
ditions. For an average of 6714 per cent fired carbon 
we need approximately 91% pounds of air per pound 
of coal, whereas for an average of 80 per cent fixed 
carbon we require 11%4 pounds of air theoretically for 
complete combustion. This excess of 2% pounds for 
the latter type of coal has to be forced through the fuel 
and causes, in turn, the higher draft losses for the an- 
thracite coal. 


With stoker installation, when forced draft is 
applied, the draft losses through the fuel bed do not 
have to be taken care of by the stack. In these cases, 
the fan has to overcome the resistance due to the 
thickness of the fire bed. But as we are considering 
‘natural draft here only, we will consider those con- 
ditions later on, when we deal with forced or induced 


draft. 


In a boiler draft problem, the draft losses through 
the fuel bed, or the resistance of the fuel bed, is, un- 
der ordinary conditions, the only variable item. For 
this reason it can be stated, that, as long as the total 
pressure drop between ashpit and damper remains 
constant, the weight of the gasess varies inversely as 
the resistance of the fuel bed, or, in other words, less 
- heat is delivered to the boiler, when the resistance 
‘ through the fuel bed increases. 


The draft losses through the fuel bed are depend- 
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ing, besides on conditions like those illustrated in Fig. 
5, on too thick a tuel bed as is suitable for the coal 
used or on air spaces on the grates filled with slag 
or air spaces too small for the coal used. These con- 
ditions have to be watched carefully and they should 
be remedied, as the efficiency of the boiler depends to 
a large extent on them. 

The draft through the boiler is another item, 
which cannot be calculated. It depends upon the type 
of the boiler, the arrangement of the baffles and tubes 
and on the load. An increase in the latter means a 
higher combustion rate, therefore more air and con- 
sequently draft. “Steam” gives the following ap- 
proximate figures: 0.25 inch W. C. for boilers run- 
ing at rating, .40 inch W. C. for 50 per cent overload 
and 0.70 inch for 100 per cent overload. 


What has been said at the end of Part 1 in regard 
to curves and tables illustrating the pressure drop 
through the fuel beds, holds good here also: such 
tables and curves can be found in many publications. 
They represent the conditions as obtained by a cer- 
tain type of boiler or different types of boilers, and, 
in general, they will only hold good for the condi- 
tions and type of boiler, from which they were ob- 
tained. From a large number of data at hand, the 
writer has developed the curve shown in Fig. 5, which 
is a close average of about one hundred observations, 
taken principally on B. & W. and Heine boilers, al- 
though observations on Cahall and Rust boilers are 
included. The rated horsepower of these boilers 
varies between 200 and 400, and, for this reason, the 
curve may be considered as fairly representative of 
average working conditions. The interdependence of 
draft and percent rating being represented by’ a 
straight line, the following formula will hold good for 
the conditions in question: 


where 
d = 0.28 x L 
d = draft loss through boiler in inches W. C. 
L = load on boiler 


for instance, for a boiler of the B & Ww or Heine type 
we would have for 1 YZ load, which is ence to 
100 per cent rating, a draft loss of 


d = 0.28 x 1.5 = 0.42 inches W. on 
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and for double load or 200 per cent rating 


d = 0.28 & 2.0 = 0.56 inches W. C. 
for full load, or the boiler running at rated capacity. 
we would have 


d = 0.28 inches W. C. 
If we compare these figures with those cited above 
from “Steam”, we see that they stick closely for fui] 
load and for 1% load, but that the formula gives a 
somewhat lower figure for double load than the above 
named authority. 


In case the gases when leaving the boiler do not 
enter the stack directly, but have to pass through 
a flue or breeching, this connecting link must be de- 
signed in such a way, that it will take care of the 
volume of the gases passing through it without in- 
fluencing the draft. For this reason such flues should 
be designed not with reference to the grate area, but 
with reference to the quantity of waste gases to be 
handled. If the flue or breeching has to take care ot 
a number of boilers, leading from them into one 
stack, it is wrong, to make the flue of an equal cross 
section all the way through, because the boiler, lo- 
cated next to the stack will get the benefit of the 
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Fig. 5—Draft losses through fuel bed for different kinds of 
coal and varying rates of combustion. Hand fired grates. 


stack draft, while the one farthest away from it will 
get very little. The writer has seen many an instal- 
lation of that kind and remembers well a set of five 
boilers each having a rated capacity of 150 HP and 
all being connected into one stack, located at the 
end of the battery. The area of the breeching was 
of uniform size and the result was a draft at the 
damper of .75 inches W. C. on the boiler close to the 
stack and ef only .1 inch on the boiler farthest away 
from it. All dampers being wide open at the time 
of the investigation, the boiler room superintendent 
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did not know why the last boiler did not work, while 
the first one worked fine. 

The draft loss through the flues or breeching can 
be determined by the following formula: 
where 


D= 


D draft loss in inches W. C. 

V = velocity of waste gases in feet per second. 

d = diameter of flue or breeching in feet. 
The formula is derived for a length of the flue of 
100 feet, for a flue gas temperature of 540 degrees F. 
and for an atmospheric pressure of inches Hg. For 
any other length, the result obtained has to be multi- 
plied by 0.01 x the length for any other atmospheric 
pressure by 30/P where P is expressed in inches of 
mercury. For any other temperature of the flue gases 
multiply by 0.001 (t * 460). The density of the 
flue gases 1s assumed to be the same as that of air, 
which is close enough for all practical purposes. 


0.008 V? 


A flue of circular cross-section gives, as can be 
proven by experience, a smaller draft loss than one 
having a square or a rectangular cross-section. Bends 
and sudden changes in cross-section also influence 
the draft losses. For a right angle bend, having a 
radius of more than six times the diameter of the 
flue, the draft loss due to the bend is zero and a 
sharp right angle bend must be considered as equiv- 
alent to 50 feet of straight length. 


The last item to be considered in this connection 
is the draft to produce the velocity through the boil- 
er and grate. This item is usually very small, and 
it can, for this reason, be neglected in most cases. 
The amount required can be calculated by the for- 
mula 


where 
d = .000123 V?. 
d = draft loss in inches W. C. 


V = final velocity of gases in feet per second. 
The initial velocity is zero, as the air can be consid- 
ered as being stationary in the ashpit. The. other 
conditions, for which the formula hold good’, fre 
the same as those for the equation for the draft losses 
through the flues, viz: a flue gas temperature of 540 
degrees F and an atmospheric pressure of 30 inches 
of mercury. Jor other pressures multiply by 2/30, 
and for other temperatures divide by 0.001 (t=460). 


The total stack draft 1s composed of the three 
items explained in the preceeding paragraphs of 

The draft loss through the fuel bed, 

The draft loss through the boiler, and 

The draft to produce velocity of heat. 
Wherever two or more boilers are connected into once 


stack, another item has to be added to the three 
mentioned, which is 


The draft loss through the flues. 
The total draft at the stack should be, under ordinary 
working conditions, between 0.75 and 1.00 inches of 
W. C. This statement, however, must not be taken 
verbally, as, with one and the same stack, the draft 
may vary on account of different conditions. An in- 
crease in the flue gas temperature for instance, will 
increase the draft. Besides, the draft is greatly in- 
fluenced by atmospheric conditions: atmospheric 
pressure, temperature and humidity. Better draft will 
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be obtained with a certain stack on a clear, dry day, 
than on a hot or foggy day. There is, furthermore, 
the influence of the wind to be considered. All these 
different conditions have their effects on the stack 
draft, although it is hardly possible, that they all oc- 
cur at the same time,thus aggravating matters, some- 
times they may counterbalance each other to a cer- 
tain extent. Yet, they are there, but they are out- 
side of our determination. We cannot, even approxi- 
mately, calculate their influence on the draft. 


So far, we have dealt with the natural draft only, 
it being produced, as is well known, by the difference 
in weight of a column of gases inside the stack and a 
column of air of equal dimensions outside of it. Mechan- 
ical draft, on the other hand, is produced by artificial 
means. For mechanical drafts, conditions are entirely 
different from those for natural drafts. The draft losses 
through the fuel bed and the boiler do not have to be 
taken care of by the stack, because the fan has to over- 
come these resistances. In most cases, mechanical draft 
is applied as forced draft, therefore the pressure in the 
ashpit is greater than that of the atmosphere. The 


kraft Loss Jaches WC. 
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Fig. 6—Curve showing draft loss through boiler for different 
per cent rated capacity. 


advantage of an installation of forced draft over one of 
induced draft is due to the following conditions. The 
fan installed for forced draft can be of smaller size than 
the one supposed to get the same results with an induced 
draft installation, because the first one has to handle 
comparatively cold air, whereas the second one must take 
care of the hot gases of combustion, which means that 
about twice the volume may have to be moved in the 
second case compared to that moved in the first case. 
Besides, with induced draft, the fan has to aspirate the 
dust and soot coming from the coal and thus might be- 
come clogged up or damaged and otherwise causing ex- 
cessive maintenance cost. With balanced draft, finally, 
the conditions are such, that the over pressure in the 
ashpit is just sufficient to overcome the losses through the 
fire bed, while the draft losses through the boiler proper 
are taken care of either by the stack or by an induced 
draft fan. In the latter case, two fans would have to 
be installed, one for the forced draft through the fuel 
bed and one for the induced draft through the boiler, the 
draft on top of the grate or in the rear of the combus- 
tion chamber being zero. 


Most of the mechanical stokers use forced draft and 
it may, therefore, be well to say a few words about the 
general conditions, which shouki be maintained with such 
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an installation. The stack should be capable of creating 
a small suction through the entire boiler, because if this 
is not maintained, the hot gases, being under pressure, - 
might pass out through cracks in the setting or through © 
open doors. In the case mentioned above, where five 
boilers were connected by a flue of uniform diameter into 
the stack, and where the last boiler showed very poor 
working, a forced draft installation was used to over- 
come the trouble. The grates were of the hand-fired 
type and, whenever the firemen opened the doors, the 
flames shot out sometimes three and four feet long. As 
the men refused to work under these conditions, the 
superintendent finally agreed to change the flues accord- 
ing to layouts made by the writer and from then on, the 
boilers worked without giving any trouble, as the gradual 
increase of the flue toward the stack allowed to reduce 
the pressure on the last boiler. 


The suction is also necessary to permit the regula- 
tion of the proper amount of secondary air. The ashpit 
must, of course, be airtight. The air from the fan must 
be distributed over all parts of the grate in such a way, 
that the fire can burn evenly. Care must be taken, that 
the fan is of proper size, in order to reduce the steam 
consumption to a minimum. Small, inefficient fans, or 
small ducts may cause a large steam loss on account of 
a higher consumption than would be required by an in- 
stallation of the right size. Two per cent of the total 
steam generated should be sufficient for a good forced 
draft fan, but the writer has seen installations, where 
this figure was far greater. In one case, with a foreign 
type of mechanical stoker, this figure reacted, at times, 
12 per cent, which naturally, caused the removal of the 
apparatus and the re-installation of the old type. 


It was stated before that most of the mechanical stok- 
ers work with forced draft. As a rule, all underfeed 
stokers run with forced draft, whereas chain grate and 
overfeed stokers mostly use natural draft, unless they 
are supposed to deliver high overloads. In the latter case 
they work with forced draft also. For ordinary working 
conditions the draft loss through the fuel bed for chain 
grate and overfeed stokers, using natural draft, is 0.25” 
W.C. Some manufacturers claim between 0.15 and 0.30” 
W. C. Where forced draft is applied, the pressure in 
the ashpit varies from 1” to 2.5” W. C. giving a pressure 
drop through the fuel bed of from 0.50” to 0.75” W. C. 
As a rule it can be said, that approximately 10 pounds of 
coal can be burned per square foot of grate area per hour 
for every 0.1” draft available in the furnace. 


For underfeed stokers, running on forced draft, the 
pressure in the ashpit varies from 0 to 5.5” according to 
the type of stoker and the conditions under which the 
boiler is operated. The usual limits are from 1” to 3”. 
With these stokers approximately 1” pressure in the ash- 
pit is required for every 10 pounds of coal burned per 
square foot of grate area per hour. 

. (To be concluded) 


STAINLESS STEEL FILLS A NEED. 

Think of the many practical places where the so- 
called “stainless” steel can be used to advantage. 
Even now it is being widely used in the manufacture 
of pump and valve and valve fittings and similar parts 
that come in contact with such corrosive elements as 
water and steam. Surgical instruments and, in fact, 
the tools of all trades from the finest scientific meas- 
uring device, where precision and accuracy require 
an untarnished surface, to the utensils of the kitchen 
—all that such extremes embrace offer stainless steel 
many possibilities. 
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YOUNGSTOWN SHEET & TUBE CO.’S PLAN FOR 
DISTRIBUTING STOCK TO THE EMPLOYES. 


President Campbell, of the Youngstown Sheet & Tube Co., 
has announced the details of its plan for the sale to em- 
ployes of 100,000 shares of common stock recently set aside 
for that purpose on the authority of the stockholders. 


One-fifth of this amount, or 20,000 shares, is to be 
offered each year for five years. The price for the first 
year will be $85 per share, to be paid in installments of $7 
per month per share. The number of shares that may be 
purchased by one employe is limited, the maximum being 
determined by wages or salary earned, and this maximum 
being subject to reduction pro rata should the amount set 
aside for any year be oversubscribed. The largest number 
of shares for which any employe can subscribe is indicated 
by the following schedule: 


OF TESS: 42s dt ws aes ee 5 shares 
$2,001 tO: [82500 site hoan can can Sadie eae 6 shares 
$2 501.10 $3,000: sca cease Kanne when es 7 shares 
$3001" tor S3 500. ncaa ten ed bana aad 8 shares 
$3.50). t6° $4,000 seca detw nedatn st ete. 9 shares 
$4001 to SOO Ge ster ohne we aeew ateeds 10 shares 


Employes whose earnings exceed $4,500 per year will be 
entitled to subscribe for stock according to this schedule, 
with one share added for each $500 above this amount, but 
in no case will any employe be allowed more than 2 shares. 


No cash payment will be required, but $7 per share will 
be deducted from the wages or salary of the subscriber each 
month for each share, and this will be credited on his sub- 
scription, with all dividends accruing. In cases where wages 
are paid semi-monthly, $3.50 per share will be deducted from 
each pay. Interest at the rate of 5 per cent will be charged 
on deferred payments, but in no case may the interest 
charged exceed the dividend credited. The first deduction 
will be from the first pay in January, 1921. The plan pro- 
vides for full payment of the stock during the year, and 
employes will be entitled to certain special benefits. 


Among these will be a bonus, in addition to regular divi- 
dends of $5 per share each year for five years, providing 
the employe still holds the stock and remains with the com- 
pany; another will be that in case of death or permanent 
diability while the subscriber is still an employe of the com- 
pany, the bonus of $5 per share will be paid on the stock 


STATISTICS OF THE AMERICAN IRON AND STEEL INSTITUTE. 


In 1919 the production of all kinds of iron and steel rolled into finished forms (including blooms, billets, and axle 
blanks rolled for forging purposes and semi-finished products which were rolled for export in that year) shows a 


decrease of 6,054,210 tons, or 19.43 per cent, as compared with 1918. 


\ 


Total Production of all Kinds of Finished Rolled Iron and Steel, 1887-1919. 


Iron and Plates and Nail 
Years steel rails sheets plate 
L887 was essences 2.139.649 603,355 308,432 
1888... case as 1,403,700 609,827 289,891 
1889.......... 1,552, 20-4 716,496 259,409 
1890.......... 1,885 307 981 251,828 
TSO hs epee dias 1,307,176 678,927 223,312 
1892 6 gest Kaas 1,551,844 751,460 201,242 
ISOS eeu seees 1,136,458 674,345 136,113 
1894 acces aces 1,021,772 682,900 108,262 
1595 oc bcieeiais 1,306,135 991,459 95,085 
1896.......... 1,122 010 965,776 72,137 
1807 wtatees 1,647,892 1,207,286 94,054 
1 BOB eee e adn 1,981,241 1,448.301 70,188 
1899.......... 2,272,700 1,903,505 85,015 
LOUD eared he 2,385 682 1,794,528 70,245 
LOOL eee tates 2,874,639 2,254,425 68,850 
1002s dc 5 Sagas 2,947,933 2,665 .409 72,936 
1008 agi tenew 2,992,477 2,599,665 64,102 
149, ¢° eee 2,284,711 2,421,398 61,601 
1905 ze awcisnge 3,375,929 3,532.230 64,542 
lO0G Se eres ks 3,977,887 4,182,156 54.211 
1907.......... 3,633 654 4,248,832 52,027 
1908.......... 1,921,015 2,649,693 45,747 
OOD circ manage 3,023,845 4,234 346 63,746 
VOD so ssp teee aus 3,636,031 4,955,484 45,204 
TOL oelectat cs 2.822 7% 4,488,049 48,522 
WO) 2ex tees 3,327,915 5,875,080 45,331 
LOTS eet nde 3,502,780 5,751.037 37,503 
109) E: nee ane eee 1,945,095 4,719,246 38,573 
1OTS ss oesaces 2,204 205 6,077,694 31,929 
LOG csouierctoreds 2,854,518 7,453,980 30,088 
3S) ae ne 2,944,16! 8.267.616 2,864 
LOTS sctaictiewas 2,540,892 8,799,135 18.310 
bo) tS eee oe ere 2,203,843 7,372,814 12,832 


All other 
Structural finished Total 
Wire rods shapes rolled products Gross tons 
ARieter  Mglameacs 2,184,279 5,235,706 
279709, ee 2,034,162 4 617,349 
363,851 cee. 2,374,968 5,236,928 
457,099 i. 2,618.660 6.022 875 
536,607  —......8. 2,644,941 5,390,963 
627.829 453,957 2,579,482 6,165,814 
537,272 387,307 2,104,190 4,975,685 
673,402 360,305 1,795 570 4,642.21] 
791,130 517,920 2,487,845 6.189,574 
623.986 495,571 2,236,361 5,515,841 
970,726 583,790 2,497 970 7,001,728 
1,071,683 702,197 3,239,760 8,513,370 
1,036,398 850,376 4,146,425 10,294,419 
846,291 815,161 3,575,536 9,487,443 
1,365,934 1,013,150 4,772,329 12,349,327 
1,574,293 1,300,326 5,383,219 13,944,116 
1,503 455 1,095,813 4,952,185 13,207,697 
1,699,028 949,146 4,597,497 12,013,381 
1,808 688 1,660,519 6,398. 107 16,840,015 
1,871,614 2,118,772 7,383,828 19,588,468 
2,017,583 1,940,352 7,972,374 19,864,822 
1,816,949 1,083,1&1 4,311,608 11,828,193 
2,335,685 2,275,562 7,711,506 19 644,690 
2,241,830 2,206,800 8,475,750 21,621,279 
2,450,453 1.912,367 7,316,990 19,039,171 
2,653,553 2,846,487 9,908,475 24,656,841 
2,464,807 3,004,972 10.030, 144 24 791,243 
2,431,714 2,031,124 7,204,444 18,370,196 
3.095,907 2,437 003 10,546,188 24,392,924 
3,518,746 3,029,964 15,493,093 32,380,389 
3,137,138 3,110,000 15,585,921 33 067,700 
2,562,390 2,849 969 14,385,058 31,155,754 
2,538,476 2,614,036 10,359,543 25,101,544 


Rolled blooms and billets for forging purposes are included from 1905, while semi-finished products rolled for export 
are included for 1912 and subsequent years. Prior to 1892 structural shapes were inciuded in “all other finished rolled 


products.” 
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WITH THE EQUIPMENT MANUFACTURERS 


ELECTRIC ARC FURNACE REGULATOR. 


High electrode operating speed and close precision of 
regulation with absolute freedom from hunting are the two 
important features of the electric arc-furnace regulator just 
placed upon the market by the Westinghouse Electric & 
Manufacturing Co., East Pittsburgh, Pa. Speeds 2% to 3 
ft. per minute, depending upon the amount the quantity 
being regulated is from normal and 5 per cent precision is 
claimed. 


The ability of this regulator to incorporate high speed 
with a narrow current zone is due to the fact that the 
electrode speed tapers all the way from full to zero as 
the regulated current. approaches its normal value. In 
other words, within certain limits the restoring speed is 
approximately proportional to the amount, the current in 
the electrode deviates from normal. This permits the 
greatest possible electrode speed for a given current varia- 
tion. This feature is particularly appreciated during the 
melt-down of cold scrap. For small variations in current 
the speed is slow enough to prevent continuous breakiny 
of the arc and at the same time, when the solid metal 
. begins to cave ‘into the pools of molten metal under the 
electrodes, sufficient speed is available to permit the regu- 
lator to extricate the electrode before the time relay allows 
the breaker to trip. When the current is turned on a fur- 
nace charged with cold scrap, it is only necessary to throw 
the regulator control to the automatic position. Regard- 
less of the position of the electrodes at this time. the 
regulator will allow each one to run down at full speed until 
it touches the steel when complete automatic regulation 
will commence. It is absolutely impossible for an electrode 
to get into the steel, and practically no attention is required 
from the operating personnel. 


One very important feature of the regulator is its utili- 
zation of the arc voltage as well as the arc current to con- 
trol the motors. This device absolutely prevents the elec- 
trodes getting into the steel under automatic regulation. 
Under-voltage relay trips on the control circuits are unneces- 
sary. With any purely current actuated device, it is im- 
possible to maintain equal arc lengths in furnaces using two 
or more electrodes, particularly when operating at reduced 
power. In the regulator, the arc voltage, as well as the 
electrode currents, are maintained balanced. 


The voltage coils also make the control of each elec- 
trode independent of the others in the surface. In fact. 
one electrode may be entirely withdrawn without disturb- 
ing any of the others. In a regular dependent upon 
current control exclusively, any movement of one of the 
electrodes causes the elements of all other electrodes to 
change their positions. 


G-R OIL HEATER. 


The Griscom-Russell Company, 90 West street, New 
‘York, manufacturers of the well known Reilly Oil Heater 
of the coil type, have recently placed on the market a new 
«il heater unit of the straight tube type. This is to supple- 
ment their coil heater line and is known as the G-R Oil 
Heater. 


INCREASED EFFICIENCY IN THE OPEN 
HEARTH. 


(Continued from page 625) 

The advantage of the roller bearing cars are therefore 
numerous and will vary, depending on present condi- 
tions. Greater savings will be possible in those plants 
where the cars have been in use for several years and 
where there are a great number of both ingot mould and 
charging box cars. Operating at 100 per cent capacity 
an open hearth plant of 12 one hundred ton furnaces will 
find that yearly returns on an investment for roller bear- 


Fig. 3—Some of the Hyatt Roller Bearing equipped ingot 
cars in operation at the Youngstown Sheet and Tube Com- 
pany, Youngstown, Ohio. 


ings amount to at least 35 per cent and often more than 
this figure when all conditions are considered. 


Flexible roller bearings have made possible: 


1. Reduction in draw-bar pull required to move a train. 

2. Increase in train speed when desired; more rapid 
handling of trains. 

3. Greater number of cars per train without increase in 
power. 

Reduced upkeep to locomotives, especially wheel tires 
Elimination of fires because of closed journal boxes. 

Elimination of wear and breakage of axles. 

Reduction of bearing replacements to a minimum. 

Decrease in lubrication frequency to once a month. 
. Decrease in number of car repairmen and men 
required for lubricating car bearings. 

10. General speeding up of production from the open 
hearth to the blooming mill via stripper and soaking pits. 


Users of Open Hearth Cars Equipped With Flexible 
Roller Bearings. 


Carnegie Steel Company, Farrell, New Castle, Youngs- 
town, Mingo Junction, Braddock, Bellaire; Bethlehem 
Steel Company, South Bethlehem, Lebanon, Sparrows 
Point; Illinois Steel Company, Gary, South Chicago, 
Joliet; Canton Sheet Steel Company ; Central Steel Com- 
pany; Cromwell Steel Company; American Sheet & Tin 
Plate Co.; Heppenstall Forge & Knife Company; Mans- 
field Sheet & Tin Plate Co. ; Lukens Steel Company ; Cen- 
tral Iron & Steel Co.; Keystone Steel & Wire Co. ; Trum- 
bull Steel Company ; Tennessee Coal, Iron & Railroad Co. 
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PROMINENT LUBRICANT MANUFACTURER 
CLAIMED BY DEATH. 


Augustus C. 
Buzby, well 
known manufac- 
turer and _  club- 
man, passed to 
his final rest on 
Tuesday, Septem- 
ber 21. He was 
president and 
founder of the 
Keystone Lwubri- 
cating Company, 
one of the largest 
manufacturers of 
lubricating oils 
and greases in 
the world. Was 
regarded as be- 
ing a representa- 
tive man of 
affairs and is 
mourned by a 
wide circle of 
friends and ac- 
Avucustus C. Buzsy , sa ra 3 
feeling of sorrow that the community at large will look 
upon the completed chapters of a life so full of energy, so 
concerned in the city’s success and so interspersed with 
noble deeds reflecting a perpetual credit upon Mr. Buzby. 
He was a man who made and held friends because he 
possessed those qualities which endear a man to his fellows, 
and the record of his life and its accomplishments may be 
had as an example to be followed by members of the rising 
generation. 


Mr. Buzby, who was sixty-six years old, was born in 
New Jersey. He was a descendant of an old Quaker family, 
which dates back to 1606 in England, which settled in Bur- 
lington county, New Jersey, in 1640. He came to this city 
while a youth, and attended the Philadelphia College of 
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Pharmacy. After his graduation from that institution he 
engaged in chemistry, and subsequently organized a whole- 
sale drug supply business, which he conducted until he 
founded the Keystone Lubricating Company, of which com- 
pany he was president and founder. The headquarters of the 
company, which is one of the largest manufacturers of 
lubricating oils and greases in the world, are located at 
Twenty-first, Clearfield and Lippincott streets, Philadelphia. 
He has always made it a cardinal point to advance and pro- 
mote the interests of patrons in every possible manner, and 
his square deal methods of business were instrumental in 
developing a large and important trade. 


Mr. Buzby was one of the oldest members of the Manufac- 
turers’ Club and during his younger days took an active interest 
in the affairs of the club. He was also a member of the Phil- 
adelphia county, Pen and Pencil, Friendly Sons of St. Patrick, 
Terrepin and other clubs, and was a prominent Mason. 


He was a vestryman of the Episcopal Church of the Savior. 
He is survived by his widow, Mrs. Florence Buzby and four sons, 
to whom the sympathy of the entire community is tendered in 
the hour of their deep bereavement. His funeral took place from 
his late residence, 4528 Spruce street, on Friday, September 24. 
Services were conducted at the house of the Rev. Dr. Robert 
Johnson and the Rev. Julius G. Bierck, and the interment was 
made in West Laurel Hill Cemetery. 


Although the business community will learn with regret of 
the death of Mr. Buzby, at the same time it is gratifying to know 
that his passing away will in no way effect the business of the 
Keystone Lubricating Company, which will be continued under 
the management of the surviving officials, Harold A. Buzby, vice 
president and general manager, Warren F. Buzby, second vice 
president and treasurer and Norman F. Buzby, secretary and 
export manager, Kenneth K. Buzby, assistant treasurer, sons of 
the deceased who are all conversant with every detail of the 
business. 

Vv 

Albert J. Maheu has accepted the position of purchasing agent 
of the Republic Rubber Company, Youngstown, O. Mr. Maheu 
was formerly superintendent of the Morgan works of the Wick- 
wire-Spencer Steel Corporation, Worcester, Mass. 

Vv 
LeRoy Richards has become associated with the sales depart- 
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ment of the Alan Wood Iron & Steel Co., Philadelphia, Pa. Mr. 
Richards was Philadelphia manager of sales for the Nagle Steel 
Company for some time. 
ve ey 
Maj. R. A. Bull, who recently resigned from the Duquesne 
Steel Casting Company, Coraopolis, Pa., of which he was vice 
president, has been employed by a group of six steel casting manu- 
facturers in the capacity of consulting metallurgist and for the 
primary purpose of developing higher standings in the foundries 
operated by these manufacturers. The members of this group 
of steel casting producers are as follows: Electric Steel Com- 
pany, Chicago; Fort Pitt Steel Casting Company, McKeesport. 
Pa.; Isaac G. Johnson & Co., Spuyten Duyvil, N. Y.; Lebanon 
Steel Foundry, Lebanon, Pa.; Michigan Steel Castings Company, 
Detroit; and Sivyer Steel Castings Company, Milwaukee. 
vv 
A. E. Murdock has been appointed assistant manager after 
being tool room foreman for the past 18 months of the Elmwood 
branch, Hartford, Conn., of the New Departure Manufacturing 
Company, Bristol, Conn. 
Vev ; 
J. Chilbert has retired as vice president of the Colorado Fuel 
& Iron Co., Denver, Col., under the terms of the company’s serv- 
ice retirement plan on account of ill health. A. H. Lichty has 
been appointed vice president in which capacity he will devote 
his attention exclusively to matters bearing on employes repre- 
sentation and conditions affecting employment. E. S. Cowdrick 
has been appointed assistant to Mr. Lichty and will continue as 
editor of the company’s industrial bulletin and will assume 
increasing responsibility in connection with employes’ represen- 
tation.” Fred Farrar has been appointed executive assistant to 
President J. F. Welborn and will continue as general counsel and 
secretary. 
a 
N. P. Whitaker and W. H. Abbott recently were elected vice 
presidents of the Whitaker-Glessner Company, Wheeling. W. Va., 
a subsidiary of the Wheeling Steel Corporation. 
em ov 
E. J. Jeffries of the Canada Steel Company, Hamilton, Ont., 
was elected president of the Association of Iron and Steel Elec- 
trical Engineers at the organization’s annual dinner held in New 
York. Mr. Jeffries succeeds B. W. Gilson of the Youngstown, 
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O., works of the Carnegie Steel Company. 
Vv 


William A. Hitchcock, Charles L. Taylor, George H. Sage 
and Philip B. Gale have been elected as an executive committee 
of the Collins Company, Collinsville, Conn., maker of edge tools, 


by the directors, succeeding Meigs H. Whaples and Charles H. 


Clark, resigned. William Hill, president ex-officio, is a member 
of the committee. Mr. Whaples is secretary and treasurer of 
the company. 

¥¥ 

G. R. Delamater has resigned his position as assistant super- 

intendent of coke ovens at Steelton, Pa., to become vice presi- 
dent and general manager of the Anthracite Production Corpora- 
tion, which has rights to reclaim anthracite coal from the Sus- 
quehanna near McCall’s Ferry. Frank D. Carney and L. B. 
Lindemuth, of New York, are associated with Mr. Delamater. 

vy Vv 


Horace S. Wilkinson, chairman of the Crucible Steel Com- 
pany, has been elected a member of the board of directors of the 
National City Bank of New York to serve for the remainder of 
the year. 

Viev 


H. H. Sutton of Pittsburgh, recently became general manager 
of the Hubbard Pressed Steel Company, Niles, O., to succeed 
Frederick Maples. N. A. Ormes has retired as the company’s 
plant superintendent. 

Vv 

L. E. Taylor accepted a position as assistant to the president 
of the Woodard Machine Company, Wooster, O. Mr. Taylor 
was formerly private secretary to H. L. Rownd, vice president 
of the Republic Iron & Steel Co., Youngstown, O., and also 
served 12 years under L. A. Woodward’s direction when he was 
general manager of the William Tod Company, Youngstown. 

Viv 

L. MacKenzie has resigned his position as general manager. 
treasurer and director of the newly formed Louisville Steel 
Company, Louisville, O., to engage in other business. J. W. Lucas. 
secretary of the Louisville Steel Company since its organization, 
will succeed Mr. MacKenzie. Mr. MacKenzie was formerly con- 
nected with the corrugating plant of the Canton Sheet Steel 
Company, as general manager for six years; also, he was in 
charge of this kind of work at the plant of the Berger Manu- 
facturing Company for 13 years. 
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The Cambria Steel Company, Johnstown, Pa., is continuing 
its improvement program at its local plant, and has awarded a 
contract to the Arthur G. McKee Company, Cleveland, O., for 
the construction of a new three-story sintering plant, 60x172 
feet, to cost about $500,000. 


The American Car & Foundry Company, 165 Broadway, New 
York, has awarded a contract to the Gillespie & Daly Co., Inter- 
national Life Building, St. Louis, Mo., for the erection of a one- 
story addition to its works at Madison, IIl., to be equipped for 
the manufacture of steel springs. The structure will be 70x160 
feet, and is estimated to cost about $50,000. S. S. Eagle is local 
superintendent. At its Buffalo, N. Y. plant, the company has 
completed plans for the construction of a two-story addition, 
46x75 feet, to cost about $40,000. 


The Louisville Sheet Steel Company, Louisville, Ky., is plan- 
ning for early occupancy of its new local plant, now in course 
of erection. The new works will specialize in the production of 
sheet products of various kinds, including galvanized equipment. 
James Fraunfelter is president of the company, and J. W. Lucas, 
secretary and sales manager. 


The Topeka Foundry & Iron Co., 318 Jackson street, Topeka 
Kan., is planning for the construction of a new iron works, and 
will select an architect at an early date to prepare plans and 
specifications. The plant will consist of a number of buildings 
and is estimated to cost about $100,000, including equipment in- 
stallation. 


The Carpenter Steel Company, Reading, Pa., has awarded a 
contract to the Beard Construction Company, 658 Penn street, 
Reading, for the erection of a new one-story addition to its 
plant, 35x80 feet, to be equipped as a pickling works. It is pro- 
posed to inaugurate construction immediately. 


The Tredegar Iron Works, Fifth street, Richmond, Va., is 
arranging for the immediate rebuilding of the portion of its 
plant recently destroyed by fire, with loss including equipment, 
estimated at about $200,000, including machinery. The com- 
pany specializes in steel casting work, and during the war 
period devoted operations to shell production. 


The Steel Fabricating Corporation, Harvey, IIl., is planning 
for the erection of a new plant for large increased capacity. A 
site comprising about 40 acres of ground has been acquired at 
Michigan City, Ind., with water front facilities, and it is proposed 
to inaugurate work on the project at an early date. As soon as 
the new buildings are ready for service, it is understood that the 
present plant will be removed to this location. 


The Missouri Car Company, Central National Bank Building, 
St. Louis, Mo., recently formed with a capital of $500,000 to 
operate a steel works for the manufacture of street railway 
trucks and cars, has plans under way for the proposed plant. A 
local site has been acquired. The main building will be 100x400 
feet, and will be supplemented by a number of smaller units. A 
large power plant for works operation will also be constructed. 
The initial production will comprise cars of one-man safety 
type, with plant output of about 10 cars per week. The company 
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is headed by Theodore A. Brewster, president; J. J. O’Brien, 
vice president and treasurer; and G. E. Holke, secretary. The 
plans for the project will be prepared by Eames & Young, archi- 


tects, Arcade Building, St. Louis. Brussel & Viterbo, Arcade 


Building, St. Louis, are consulting engineers. 


The Stanley Steel Wheel Company, Boston, Mass., has per- 
fected plans for the erection of its proposed new plant at Tona- 
wanda, N. Y., and will inaugurate construction at an early date. 
The company recently~acquired a large site at this location. The 
initial units of the proposed works will cost in excess of $75,000. 


The D. P. Dunn Structural Steel Company, Standard Life 
Building, Pittsburgh, Pa., has completed plans for the erec- 
tion of a new plant at Hoboken, Pa. The structure will be 
75 x 150 feet, and will be equipped as a steel fabricating 
works. 


The Sharpsville Boiler Works, Sixth Street, Sharpsville, 
Pa., manufacturer of boiler plate, structural steel shapes, 
etc., has plans under way for the erection of an addition to 
its plant for increased production. It is planned to inaug- 
urate construction at an early date. 


The Concrete Steel Company, 42 Broadway, New York, 
has completed plans for the erection of a new steel fabri- 
cating plant at Cleveland, Ohio. The structure will be one- 
story brick and steel, and with equipment installation is 
estimated to cost about $200.000. 


The Iron City Pipe & Foundry Company, Birmingham, 
Ala., manufacturer of pipe, steel castings, etc., has plans 
under way for the erection of four new plant units at its 
works for increased production; the structures, with equip- 
ment are estimated to cost about $300.000. 


The Stalium Metals Corporation, Chester, Pa, a new 
corporation formed under Delaware laws with capital of 
$2,500,000, to manufacture steel products, is planning for the 
erection of a new plant on local site, recently acquired. The 
property consists of about 10 acres of land in the western 
section of the city, near the works of the American Steel 
Foundries. Preliminary plans are under way for the initial 
buildings of the new steel works, which will occupy about 
one-fourth of the site. Upon completion, it is proposed to 
build a number of other plant units. The company is ‘head- 
ed by S. S. Staley, president; Edward F. Gray, vice-presi- 
dent, connected with the Bethlehem Steel Company, Bethle- 
hem, Pa.; Dr. J. J. Mullowney, Girard College. Philadelphia, 
Pa., secretary; and Edward Stout, treasurer. 


The Direct Steel Process Company, San Jose, Cal., a new 
organization, is planning for the erection of a plant on a 
local site. Negotiations for property are understood to be 
under way, and preliminary plans for the new plant are 
being prepared. The company is headed by Robert Lang, 
Oakland, Cal.; Charles H. Walsh and W. J. Johnston, San 
Jose. 


The Baltimore Malleable Iron & Steel Casting Co., 
Charles St., Baltimore, Md., has plans under way for the 
erection of additions to its plant for increased production. 
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Various Producer Gas Operations for Coke Oven Heating. 


In considering the economic operation of gas producers in con- 
nection with by-product coke ovens, several possibilities present 
themselves, which, when considered in the light of the potential 
economic advantages, is one of many arguments in tavor of build- 
ing every by-product coke plant so that producer gas may be used 
at any time for heating the ovens if desired. 

This subject has been discussed at some length in a paper 
by Joseph Becker and F. W. Sperr, Jr., recently presented before 
the Blast Furnace and Coke Assvciation of Chicago, and the 
principal arguments are taken from this paper. 


First. the producers may be fed with small sized coke unsuit- 
able for use in the blast furnaces. Here the equipment 1s 
simple and comparatively inexpensive. especially with respect to 
the gas cleaning apparatus. The amount of coke required for 
the producers is 12 to 14 per cent of the weight of the coal 
charged into the ovens. This amount may readily be obtained 
by properly screening the oven product, leaving a high grade. 
thoroughly clean coke for the use of the blast furnaces. 


Second, where there is available a cheap coal, having fair 
coking qualities, but unsuitable for the manutacture of blast 
furnace coke, such coal may be coked in some of the by-product 
ovens, delivering, thereby, its by-products and furmishing suffi- 
cient coke for the operation of the gas producers. 


Third, where there is available cheap low grade coal unsuit- 
able for making blast furnace coke, such material may be used 
directly in the gas producers. 


Fourth, by-product producers may be installed using any coal 
available. The equipment and operation of by-product producers 
fits in very well with that of the by-product coke plant, and the 
combination, costing much less than separate plants, offers many 
possibilities for increased economy and valuable returns. Hereto- 
fore, on account of coal values, the employment of by-product 
gas producers has been more extensive in Europe than in 
America, and here, with the present appreciation of coal values, 
their development presents enormous possibilities. 


The Kerpely Gas Producer. 


The type of producer conspicuous in European use in connec- 
tion with by-product ovens and elsewhere is the Kerpely producer. 
The Koppers Company controls the American patent rights on 
this type of producer and is actively adapting it to American 
conditions for its by-product coke oven operations and in connec- 
tion with by-product producer plants. The next few years will 
witness much important progress along this line. 


Economic Changes Favoring Coke Oven Gas. 


The situation is that, on the one hand, the development of the 
gas producer, whether using coal or coke in connection with by- 
product coke ovens, together with the successful and advantag- 
eous application of producer gas to oven heating, are such as to 
offer the strongest inducements for this method of heating; while 
on the other hand, the demand for high grade gas is increasing 
so that every by-product coke plant in the country is. sooner or 
later, going to be required to render available every cubic foot of 
coal gas that it makes. 


It is eventually going to be considered rank inefficiency for 
any plant to use this valuable gas tor the purpose of heating its 
ovens, which purpose could even be better served by lower grade 
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gas. These requirements are going to be brought about by the 
increasing shortage and cost of good coal, the increasing short- 
age of natural gas and fuel oil. and by the advantages of coke 
oven gas over lower grade gases from the various standpoints 
discussed. In the face of this, it is plain that every new battery 
of by-product coke ovens built in connection with a steel plant 
or blast furnace ought to have provisions so that, at any time, 
producer gas equipment can be added to the plant and so that the 
ovens can be heated either with this gas or with blast furnace gas 


Combination Oven and Its Relation to Future Developments. 


Suppose that, in the case of a given projected plant, it might 
possibly appear, on the face of present financial returns, that 
there would be no marked present gain from the installation of 
gas producers in connection with the coke ovens. Nevertheless, 
assuming that the life of a battery of modern coke ovens is from 
10 to 15 years, and in view of the great economic and engineering 
progress possible in the life of such a plant, one should hesitate 
to commit himself to building plain coke ovens, which would 
practically require rebuilding before they could use producer 
gas economically. The use of producer gas or blast furnace gas 
might well be advantageous a few years hence, if not now. The 
building of combination ovens is, in effect, providing insurance 
against future contingencies at relatively low cost and with 
promise of large returns. 


As a further consideration. it should be pointed out that the 
combination oven can be heated with blast furnace gas as well 
as with producer gas, and under certain conditions, this method 
of heating has the advantage of requiring very small expense for 
equipment to release large quantities of high grade coke oven 
gas. 


Geographical Considerations. 


It is a striking fact that the great majority of by-product coke 
plants have a most fortunate location, with respect to the advan- 
tageous disposal of the gas that they produce. The locations. 
too, are remarkably fortunate when considered in connection 
with natural gas interests. Table 2 has been prepared to show 
the number of by-product coking plants that are grouped in, or 
within convenient reach of seven great industrial districts, viz.: 


1. The Chicago and Milwaukee district. including Joliet and 
the great plants at the southern end of Lake Michigan. 


2. The Detroit and Toledo district. 


3. The Cleveland and Pittsburgh district, including the 
plants at Youngstown, Steubenville, Johnstown, and as far south 
as Fairmont, W. Va. 


4. The Buffalo district. 


5. The eastern Pennsylvania district, including the plants 
near Harrisburg, South Bethlehem, and Philadelphia. 


6. The Birmingham district, extending north to Gadsten and 
south to Tuscaloosa. 


7. The Ohio River district, lying between Cincinnati and 
Wheeling. 


The table shows the number of ovens in each district and 
the estimated maximum capacity for coking coal and manufactur- 
ing gas. This maximum rated capacity will, of course, never be 
reached, and a factor of 80 per cent may be used to represent 
normal operating conditions. The list includes plants in construc- | 
tion May 1, 1920, as well as the plants that are in regular opera- 
tion. 


The R. H. Beaumont Company, of 
319 Arch street, Philadelphia, contrac- 
tors for conveying and hoisting systems 
and complete power plants, have recently 
opened a Pittsburgh, Pa., office at 230 


Fifth avenue. Mr. Thomas Widdop is 
in charge. 

R. D. Nuttall Company, manufacturers 
of gears, pinions and flexible couplings 
has equipped new and permanent quar- 
ters at 429 Title & Trust Building, Phila- 
delphia, Pa., to handle direct all business 
other than electric railway and mine 
haulage supplies. This office will be a 
direct Nuttall office and will be in charge 
of R. F. Fiske. 

The Armstrong Cork Company of 
Pittsburgh, have issued a new publica- 
tion on “Nonpareil Insulating Brick,” a 
72-page book on the insulation of high 
temperature industrial equipment, such 
as boilers, furnaces, stills, hot blast 
stoves, ovens, kilns, etc. 


While dealing particularly with the 
description of Nonpareil Brick and their 
uses, the book is more than a catalog. 
The subject of heat insulation has been 
thoroughly studied from both the theo- 
retical and practical standpoints, and the 
results here compiled contribute to make 
this book a really valuable and instruc- 
tive treatise. It is conveniently divided 
into sections, each dealing with a par- 
ticular type of industrial apparatus so 
that anyone can readily find the data for 
the equipment in which he is especially 
interested. Operating records, with and 
without insulation, are given, actual dol- 
lars and cents savings demonstrated, and 
the economy and advantages to be 
secured by the use of Nonpareil Brick 
described in a most interesting and con- 
vincing manner. 


The book is attractively and substan. 
tially bound and profusely illustrated. 
Its subject matter is of such vital im- 
portance to all industries employing high 
temperature equipment, that plant man- 
agers, superintendents and_ engineers 
will find it a valuable addition to the 
technical library. 


The Electric Furnace Construction 
Company, 908 Chestnut street, Philadel- 
phia, advise the successful starting up 
of new “Greaves-Etchells” Electric Fur- 
maces at the Vancouver Engineering 
Works, Vancouver, B. €., and Sullivan 
Machinery Company, Claremont, N. H. 


The Electric Alloy 'Steel (Company, 
Youngstown, O., is proceeding with the 
construction work on the extensions to 
other improvements at ‘the ‘Charleroi, 
the electric furnace department and 
Pa. plant, and contracts have been let 
for piling, concrete work, buildings, 
cranes, motors, etc., but some equipment 
still remains to be bought. Barton R. 
Shover, Oliver Building, Pittsburgh, Pa., 
is the consulting engineer for this work 
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as well as for the plant which this com- 
pany proposes to build in the near future 
at Niles, O. 

The Lancaster Steel Products Corpora- 
tion, of Lancaster, Pa., have just recently 
opened a New York office in the National 
Association Building, at 25 West Forty- 
third street. The office is in charge of 
L. E. Vesey, as district sales manager. 
Mr. Vesey comes to New York from 
the Chicago office, where he has been 
engaged for the past year and a half. 
This office together with the Hartford, 
Conn., Detroit and Chicago offices, will 
enable Lancaster Steel Products Cor- 
poration to more adequately take care 
of their rapidly growing business in the 
cold rolled and cold drawn field. 


The Westinghouse Electric & Manu- 
facturing Co. has added a new foundry 
building, 120 ft. by 200 ft. to their South 
Philadelphia works. The architecture of 
the building is of “daylight” design with 
the sky light glass beginning about 3 
feet 7 inches from the ground and ex- 
tending over the entire building which 
at the highest point is about 26 feet. 


This foundry will be used to make 
castings that weigh a half pound up- 
wards to one-half ton. The larger cast- 
ings, weighing from one-half ton up- 
wards to 150 tons, will continue to be 
made in the large foundry, 650 feet by 
187 feet. 


The new foundry was erected to help 
take care of the new shops that were 
recently completed, namelv. Machine 
Shop No. 3. which adds 139000 square 
feet, and the 300 foot extension of the 
erecting shon, now an 850 ft. by 125 ft. 
building, with a balcony of the extreme 
length, 42 ft. wide. 


Other additions recently finished are: 
A three-story warehouse, with 86.650 sq. 
ft. of floor snace: two nattern storage 
buildings. 30 ft. by 256 ft. and two 
garares that accommodate a total of 60 
automohiles. The new extensions will 
practically double the employed force 
which now number 3,500. 


‘Whilst iahnieinitiaceinieninn linear aeipton Lid eae ied Ll LLL aes A 
TRADE PUBLICATIONS| 


MTU NTTOINTC10 OANA TEC THT THTETIAUTETHT 


“Steel Mill Control,” is the title of a 
new 48-page 8%x11 booklet, with a two- 
color cover, published by Cutler-Hammer 
Manufacturing Company. of Milwaukee, 
Wis. The booklet tells briefly the story 
of iron and steel. from the ore in the 
mine to the finished product of the steel 
mill, and explains how Cutler-Hammer 
products have aided in making nossihble 
the great engineering progress in min- 
ing and ore handling. and in furnace and 
steel mill practice. The hooklet is pro- 
fusely illustrated with C-H controls and 
other products as well as views of their 
installation. Every machine peculiar to 
the steel industry is referred to. with a 
discussion of the control to be used. 
One of the most ingenious devices shown 
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is an automatic controller for the gas 
cock reversing mechanism for coke 
ovens. This apparatus operates under 
the direction of a self-winding master 
clock and at predetermined time inter- 
vals three different valve operations are 
performed in a definite sequence. About 
40 other controls are described. 


Although the booklet is chiefly devoted 
to C-H motor control apparatus, space 
is also given to other C-H products for 
the steel industry, including electric 
brakes, lifting magnets, space heaters, 
Thomas meters for measuring gases, and 
magnetic separator pulleys. The major- 
ity of the illustrations in the book show 
actual applications, these installation 
views being particularly interesting. 


Announcement is made by the Ameri- 
can Steam Conveyor Corporation of a 
change in its corporate name to the 
“Conveyors Corporation of America.” 
The change in name is due to the rapid 
growth of the corporation, the addition 
of new lines of business and the pur- 
chase at South Bend, Ind., of a large 
and completely equipped machine shop 
to which foundry facilities will be added. 
The name more nearly describes the 
present business of the organization. 
The line includes steam jet conveyors 
for handling ashes, soot, combustion ash, 
etc., trolley carriers for handling coal, 
limestone, sand, gravel, and like loose 
bulky materials; ash pit doors, flood oil 
bearing sheaves and other conveyor sup- 
plies. 

The War Memorial Scholarship com- 
mittee of the Westinghouse Electric & 
Manufacturing Co. fhas announced: as 
the winners of the four scholarships for 
the coming college year, 1920-21, Alva C. 
Corrao, small motor drafting department: 
Henry Gardnier Symonds, son of N. G. 
Symonds, manager industrial sales divi- 
sion, Chicago office; J. Dale Seabert. 
transformer engineering department, and 
Herbert R. Hillman. son of William A. 
Hillman, who has been a machinist in 
the works of the R. D. Nuttall Company 
for 27 years. These war memorial 
scholarships were established in 1919 as 
a means of perpetuating the memory of 
those employes of the Westinghouse 
Electric & Manufacturing Co. and its 
subsidiary companies, who took part in 
the war. Each scholarship carries with 
it the annual payment of $500 for a 
period not to exceed four years. 


The Pennsylvania Pump & Com- 
pressor Co. announces the opening of 
additional sales offices as follows: Buf- 
falo, 788 Pontiac avenue, J. B. Laird, 
Manager: Cleveland, 232 St. Clair ave- 
nue, N. E.. L. J. Wakefield: St. Louis, 
1956 Broadway. Carby Supply Company; 
Minneapolis, 423 Fifth avenue, South, L. 
FE. Pallard Company: Omaha, 604 First 
National Bank Building, L. E. Pallard 
Company. 


The Mesta Machine Company of Pitts- 
burgh, Pa.. has onened an office in the 
Singer Building. New York, from which 
noint all its foreign business will be 
handled. . 


Member of the dudit Bureau of Circulations. 
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Recognizes the many advantages of Hyatt Roller 
Bearings for mill tables, ingot cars, charging cars. 
hot and cold saws, cranes and other equipment. 


Read on pages 4 and 5 what other steel mill engineers 
are doing with Hyatt Roller Bearings. 


-HYATT ROLLER BEARING COMPANY. NEW YORK,NY. 
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